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MO DAU
1. Ly do lwa chon ngi dung nghién ctru

Cac hop chat di vong tir 1au da duoc nghién ciru va wng dung trong nhiéu
nganh khoa hoc, ki thuat, ciing nhu trong doi sdng. Nam trong sé nhitng di vong phd
bién nhat, cac dan xuét cua thiophene, quinoxaline va furan 1a thanh phan quan trong
cua nhiéu hop chit thién nhién, dugc pham, mi phim hay céc loai vat liéu c6 chic
nang da dang khac nhau. Mic d da c6 nhiéu phuong phap tong hop céc di vong trén
duoc biét dén nhung hoéa hoc hiru co hién dai van luén hudng dén tim kiém va phét
trién céc phan tng tong hop méi nham dat dugc hiéu qua kinh té cao hon nhung dong
thoi cling phai than thién vai moi truong hon.

Str dung tryc tiép luu huynh trong cac qué trinh téng hop di vong 1a mot huéng
nghién ctu rat dang chu y. Luu huynh 1a mot nguon nguyén lidu tho ré tién va dé
kiém. Hang nam, qu4 trinh ché bién dau mo va khi thién nhién tao ra khoang 70 triéu
tan Iyu huynh phy pham san xuat. Mat khéac, luu huynh khong gay doc, twong doi
bén, khdng mui va khdng hat am & nhiét do thuong nén rat thich hop cho tong hop
hitu co noéi chung va tong hop di vong néi riéng. Trong cac phan tng, lwu huynh c6
thé dong vai trd 1a ngudn cung luu huynh cho phan tir muc tiéu. Thay vi sir dung céc
chat dau chira luu huynh ¢6 moi khé chiu, doc hai, doi khi rat dat tién va kho tong
hop, sir dung truc tiép luu huynh s& dem dén wu diém vuot troi cho phwong phap tong
hop. Mit khac, luu huynh ciing ¢ thé dong thoi dong vai tro 1a chat oxy hoa, chat
khtr hay chét xGc tac trong qué trinh téng hop. Kha niang phan wng linh hoat caa luu
huynh chinh 1a mot lgi thé 16n so vai céc tac nhan khéc.

O nhiét d6 thuong, luu huynh 1 chét twong dbi kém hoat dong. Khi dun nong
thi kha nang phan ng cia luu huynh ting 1én rat nhiéu, dac biét la véi sy c6 mat cua
cac base, ion kim loai chuyén tiép hoic cac phic chat thich hop. Tuy nhién, viéc sir
dung kim loai chuyén tiép trong qua trinh tong hop thudng c6 tinh doc cao, dat do va
can phai thém budc phan tach sau phan tng. Khi thay ddi cac diéu kién hoat hoa khac
nhau thi hoat tinh cta luvu huynh ciing thay ddi rat nhiéu. Diéu nay dem lai su da dang

va linh hoat cho Iuu huynh trong cac qua trinh tong hop nhung ciing lam cho viéc dy
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doan chinh xac xu hudng phan wng con gip nhiéu kho khin. Gan day, mic du cac
nghién ctu vé st dung luu huynh trong tong hop cac hop chat di vong da khong
ngung ting 1én, nhung tiém ning cua loai phan wng nay van con rat 16n. Nhiéu bo
khung di vong quan trong, ¢6 kha ning tng dung trong thuc tién cao nhu cac 2-aryl-
3-cyanothiophene, 3-arylquinoxaline-2-thione va furan da nhém thé van chwa duogc
t6ng hop thanh cdng bang cac phan tng st dung truc tiép luu huynh.

Nhu vay, viéc phét trién cac phan ¢ng méi st dung luu huynh trong téng hop
di vong rat c6 y nghia vé mat khoa hoc, kinh té va méi truong. Do d6, nghién cau
sinh d3 trién khai luan an tién si v6i cha dé: “Nghién cteu, phéat trién mét sé6 phan
tng tong hop cac din xuit caa thiophene, quinoxaline va furan bang viéc sir
dung lwu huynh”.
2. Muc dich cia luan an

Muc dich caa luan an la nghién cttu xay dung cac phuong phap mai sur dung
tryc tiép luu huynh, hiéu qua cao, than thién véi méi trudng dé diéu ché cac di vong
quan trong, ¢6 nhiéu ang dung gom céc dan xuat thiophene, quinoxaline va furan.
3. Poi twong va pham vi nghién ciru cia luan an

Luan &n tap trung nghién ctru tong hop cac 2-aryl-3-cyanothiophene bang phan
rng ba thanh phan sir dung luu huynh, cac chalcone va benzoylacetonitrile; tong hop
truc tiép cac 3-arylquinoxaline-2-thione st dung luu huynh, cac phenylacetylene va
o-phenylenediamine; tong hop cac dan xuat furan da nhom thé bang qua trinh oxy
hoa céc pentan-1-one sir dung hé Se/DMSO. Cau tric cua cac san pham sinh ra duoc
xéc dinh bang cac phuong phap hoa 1y hién dai nhu pho cong huang tir hat nhan (*H
NMR, 3C NMR), phé khéi lugng phan giai cao (HRMS) va phan tich nhiéu xa don
tinh thé tia X. Co ché thich hop cho cac phan tng dugc nghién ctru va dé xuat.
4.'Y nghia khoa hoc va thuc tién cia luan an

Luan &n gop phan tim kiém cac phuong phap tong hop méi dbi véi 16p hop
chat di vong thiophene, quinoxaline va furan ¢ nhiéu tng dung trong cac linh vuc
thuc tién nhu duoc pham, vat lidu... Cac phuong phap tong hop maéi than thién véi

moi truong, st dung nguyén liéu dau ré tién, dé dang tinh ché san pham, c6 kha ning
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rng dung trong san xuat vai hiéu qua kinh té thiét thuc. Luan an ciing gép phan nang
cao hon nira hiéu biét vé ly thuyét co ché ciia phan tng, dac biét 1a c4c phan Gng dong
vong c6 su tham gia cua luu huynh.

5. Nhirng déng gop méi caa luan an

Luén &n da phat trién mot phuong phap mai hiéu qua nham tong hop hai loai
dan xuét quan trong cua thiophene thdng qua phan tng ba thanh phan st dung luu
huynh, céc chalcone va benzoylacetonitrile. Trong d6, 25 hop chat 2-aryl-3-
cyanothiophene duoc tong hop thanh cong vai higu suat 42-78% kém theo 22 hop
chat 2-aminothiophene khac nhau. Phuong phap ciing duoc mé rong dé ap dung tong
hop 10 hop chét thiophene-3-carboxylate véi hiéu suat 46-78%. Tinh dén thoi diém
nghién ciu, day 13 cong bd dau tién vé tong hop thanh cong bo khung 2-aryl-3-
cyanothiophene tir phan tng sir dung truc tiép luu huynh.

Luan 4an d3 xay dung thanh cong phuong phap tong hop bo khung 3-
arylquinoxaline-2-thione bang phan ttng mét binh (one-pot) sir dung luu huynh, cac
phenylacetylene va o-phenylenediamine. San pham c6 thé tinh ché dé dang bang cach
loc rira don gian. Tir d6, tong hop 38 hop chat 3-arylquinoxaline-2-thione véi hiéu
sut 50-96%.

Luén an lan dau tién da phét trién thanh céng mot phuong phap méi tdng hop
cac furan da nhom thé bang cach sir dung hé Se/DMSO dong vai tro tac nhan oxy hoa
cho qué trinh vong hoa tach hydrogen cua cac pentan-1-one tao thanh cac dan xuat
furan da nhom thé. Tir d6, tong hop 32 din xuat furan mang bén nhom thé biang
phuong phap maéi véi hiéu suat 61-78%.

Cac két qua cua luan an da duoc cdng bd trong 3 bai bao qubc té thudc cac tap
chi uy tin Q1 thugc danh muc I1SI/SCOPUS.

6. Bo cuc caa luan an

Luan an gom 176 trang chua ké phu luc, chia lam 3 chuong. Chuong 1: Tong
quan (43 trang); Chuong 2: Thuc nghiém (60 trang); Chuong 3: Két qua va Thao luan
(31 trang). Ngoai ra con c6 phan két luan, tai liéu tham khao va cudi cing 1a phan

phu luc (92 trang).
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CHUONG 1: TONG QUAN

1.1 Téng hep cac din xuét thiophene

Thiophene 1a mdt di vong thom ndm canh c6 chira luu huynh dugc co 1ap lan
dau tién tir hac in boi Victor Meyer tir nam 1883. Céac dan xuét thiophene 1a mot trong
nhirng 16p hop chat di vong phd bién va quan trong trong cac hop chét thién nhién.
Vi du nhu trong cac cay thudc ho Cuac chi Van tho, Ngai, Pai bi... cac thiophene dong
vai tro 1a cac chat chuyén hoa thu cép, dugce tao ra do co ché phong vé hoa hoc cua
cay [36]. Vi kha nang khang vi khuan pho rong, khang té bao ung thu va chéng oxy
hoa, nhiéu hop chét chira vong thiophene 14 thanh phan chinh ctia mét sb thude chira
bénh da dugc cap phép tir lau nhu Cefoxitin, Raltitrexed, Articaine... [90] Bén canh
d6, cac dan xuat thiophene c6 thé polymer hoa tao thanh polythiophene. Day 14 loai
vat liéu thong minh c6 kha ning dan dién linh hoat, dé diéu chinh hoic thay d6i mau
sac 1d rang khi c6 cac kich thich bén ngoai. Bdi vay, polythiophene di va dang duoc

ung dung rong rai trong pin nhua mat troi, diot phat quang [53].

Q / \
@ WO\/\/U\ES)_@ N ;é s

(> ]
Thiophene Grijisone A Xanthopappin A
O
j%\]}ﬂ n—_| N COOH
NHH /S g
(e COOH
Cefoxitin Raltitrexed

m
(CHz 2O(CH3)3(CF3)5CF3

Hinh 1.1. Thiophene va mét s6 dan xudt thiophene.
Do duoc tng dung rong rii trong nhiéu linh vuc, cac phwong phap tong hop
dan xuét thiophene da dugc quan tdm nghién ciru tir 1au nén rat da dang va phong

phi. Mot cach so lugc, cac phan ing hinh thanh vong thiophene c6 thé dugc xép vao
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hai loai chinh 12 phan tng khong sir dung hop chit chira kim loai chuyén tiép va phan
g ¢6 sir dung hop chat chira kim loai chuyén tiép.

Céc dan xuat thiophene c6 thé thu dugc bing cic phan tng ngung tu khong
can sy c6 mit ctia cac hop chat kim loai chuyén tiép. Mot s phan ng ngung tu tong
hop thiophene dién hinh duoc chi ra trong So dd 1.1. Phan tng Paal-Knorr 13 phan
g déng vong ngung tu cua cac hop chat 1,4-dicarboxyl voi cac tac nhan sulfur héa
nhu P4S10 hodc HzS (eq. 1) [14]. Phan Gmg Fiesselmann 12 phan Gng ctia cac dan xuét
thioglycolic acid vdi a,B-acetylenic ester trong modi truong base tao thanh céc 3-
hydroxy-2-thiophene carboxylic (eq. 2) [26]. Phan Gmg Hinsberg tong hop céc
thiophene carboxylic acid tir 1,2-diketone va dialkyl thiodiacetate (eq. 3) [109]. Nhin
chung, cac phan g ngung tu c6 dién tong hop vong thiophene thuong dat hiéu suat
khong cao, diéu kién phan mg khac nghiét. Tuy sau nay da dugc phat trién va cai
tién thém nhung chat dau chira lvu huynh cta phan tng van khong dé tong hop, c6

mui kho chiu, doc hai [43].

MeﬂMe PS1o. 110°C /@ o 1
Me Me

O O 70% S
1. piperidine OH
MeO,C——=——CO,Me + HS___CO,Me ——M /@\ (eq. 2)
2.NaOMe M0, g~ ~CO,Me
67%
0O
Ph 1. NaOEt, EtOH Ph Ph
\[HJ\Ph + EtO,C S _ COsEt " > 7\ (eq. 3)
S 2. H0 HO,C™ \g~ ~CO,H
64%

So do 1.1. M4t s6 phan irng ngung tu cé dién tao vong thiophene.

Céc phan tng tong hop vong thiophene c6 thé duogc xtc tac hoic diéu tiét boi
cac hop chat chira kim loai chuyén tiép nhu Cu, Rh, Pd... [112]. Mot s6 phan tng
dugc phat trién gan ddy thudc phan tng loai ndy duogc chi ra trong So dd 1.2 [21, 40,
52]. Phuong phap tong hop vong thiophen sir dung hop chat kim loai chuyén tiép co
wu diém 13 do chon loc cao, hiéu suat tt. Tuy nhién, viéc xur 1y kim loai ndng ¢ trong

san pham tho c6 thé 1am phic tap thém qua trinh tinh ché, kém than thién v6i moi
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truong. Bén canh do6, cac hop chit cia kim loai chuyén tiép thuong co gia ca dat do,
lam giam hiéu qua kinh té ctia phan g tong hop [1].
O

Me
= Me SMe In(0) (1,2 equiv)
= %t T - B
r O s DMF, 80°C MeS Me

S
94%

Cul (0,2 equiv)

Na,S.9H,0 /@
Ph————Br Ph Ph

DMF, 70°C S
92%
Ph
N phic Rh (0,02equiv)
| N + ph—== I\
S/ PhCI, 80°C S Ph
94%

So do 1.2. Mét 6 phan ieng tao vong thiophene c6 sir dung kim loai chuyén tiép.

Téng hop hitu co hién dai ngay nay ludn huéng dén cac phuong phap tong
hop méi hiéu qua hon, than thién véi moi trudng hon. Nam trong xu hudng nay, cic
phan tg tong hop vong thiophen sir dung lwu huynh 13 mét lwa chon ddy hia hen do
Iru huynh 12 mot nguon nguyén liéu ré tién, khong doc hai.

1.1.1 Tong hop céc 2-aminothiophene sir dung luu huynh

Céc hop chat 2-aminothiophene c6 kha ning ap dung rong réi trong tong hop
hitu co, thubc nhudm, vat liéu thong minh, ché phém nong nghié¢p. Pac biét trong linh
vuc duoc phém, cac 2-aminothiophene thé hién hoat tinh sinh hoc da dang nhu chéng
viém, khang khuan, chdng té bao ung thu va di duoc sir dung 1am céc thudc thuong
mai nhu Osseor chita loing xwong, T-62 chita dau day than kinh, Tinoridine chong
sung tiy (xem Hinh 1.2) [12].

Céc phuong phap tong hop bd khung 2-aminothiophene duoc phat trién khong
ngimg, rat da dang va phong pha nhu cac phan tng sir dung xtic tic ddng thé hoic di
thé. Trong xu huéng tong hop xanh hién nay, cac phan ung da thanh phan diéu ché
cac 2-aminothiophene trong dé sir dung truc tiép luu huynh nhan duoc nhiéu chi y

do tinh hiéu qua va chi phi thap [8].
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0O
) 28r%*
2-aminothiophene _ HoN S

"0,C

Osseor T-62
(@)

CO,Et EtO,C. O
g O e S o
s~ "NH, CF; s~ "NH, N™ s
PD 81723 Tinoridine RSC 5966451
Hinh 1.2. Mot s6 dan xudt 2-aminothiophene diing lam thuéc.

Phan (mg Gewald duoc phat hién tir nim 1966 cho dén nay van la mot trong
nhiing phuong phép tét nhat dé tong hop bd khung 2-aminothiophene [76]. Khi ngung
tu mét ketone hoac aldehyde 1 véi a-cyano carbonyl 2 ¢6 mat luu huynh va base lam
xuc tac s& tao thanh cac 2-aminothiophene da nhom thé trong d6 ludn c6 nhém thé
hut electron & vi tri s6 3 (So d6 1.3) [28].

, X
1 + NC_ _X —
R\)J\R2 \2/ base 1|S NH;
1 31-82% R
\ NC_ _X
RJ[RZ
CN COOEt COOEt COPh CONH,
Me Me
| D—NH, | D—NH, | D—NH, | D—NH, | D—NH,
Me” S ve” S S S S
42% 49% 82% 40% 61%
COOEt COOMe COOEt COOEt COOEt
Me Me Ph
[ D—NH; [ DNH, YN, DNH [N,
Etooc” S Meoc” S pr” S S Me” S
32% 31% 75% 0% 42%

So do 1.3. Phan iing Gewald tong hop cac 2-aminothiophene.
Nam 2008, Aurelio va cac cong su da thuc hi¢n phan trng Gewald qua hai giai
doan tach biét dé thu duoc cac 2-amino-4-(3-trifluoromethylphenyl)thiophene (So dd

1.4). Giai doan dau la phan tng Knoevenagel gitta 3-trifluoromethylacetophenone va
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benzoylacetonitrile hoic ethyl cyanoacetate tao thanh san phiam 3. Giai doan sau la
phan mg dong vong ciia 3 voi luu huynh cd mat xdc tac base [6]. Qua trinh diéu ché

khong thé tién hanh lién tiép trong mot binh phan ¢ng va can phan tach san pham 3.

o)
o) o NG s
1
CFs NC\)J\R1 o | R Sg, Eto,NH CF, I/ NH,
—_—
3
TiCla, Py EtOH, r.t, 1,5 h o
rt, 0,5h R
3
s s
CFSQ/[QNHZ CF?’@/%NHZ
eto” © pr” ©
91% 26%

So d6 1.4. Tong hop cdc 2-amino-4-(3-trifluoromethylphenyl)thiophene.

Khi trong ketone hoic aldehyde ban dau c6 chira nhom cyano, phan tng
Gewald van c6 thé xay ra mot cach chon lgc. Puterova str dung céac hop chit thom 3-
0xo nitrile 4 phan tng v6i methylcyanoacetate hodac malonodinitrile 5 ¢6 mat luu
huynh va morpholine tao thanh bd khung 2-amino-5-cyanothiophene mang vong
thom & vi tri C4 (So d6 1.5) [75].

O Sg, morpholine R X
+ NC._X -~
NC\)J\R1 ~ MeOH I\ngHz
4 5 20-40°C, 18h N
18-72%
coMe ¢ | coMe (/| CN
S S
[ DN, [ DN, [ D—nH,
N N N
72% 62% 58%

So do 1.5. Tong hop cac 2-amino-5-cyanothiophene.
Phan tng Gewald c6 thé dugc thuc day bang cach sir dung niang luong vi séng.
Niam 2011, Revelant va cac cong sy di bao cao vé phan img cua dan xuét carbonyl
6, nitrile 7 v6i Iuu huynh khi c6 mét morpholine dong vai tro lam base xuc tac trong
diéu kién vi séng tao thanh cac dan xuit 2-aminothiophene mang nhém thé hat

electron nhu carboxamide, ester hay cyano & vi tri s6 3 (So do 1.6) [80].
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X

Sg, morpholine, EtOH N
e X_ _CN NH
RN+ s MW, 70°C, 20 min | s 2

6 7 R
CO,Et CONH, CO,Et CN
S S S S
99% MeO 59% 63% 96%

So dé 1.6. Phan iing Gewald sir dung ning lrong vi song.

Nam 2014, Yan va cac cong su di bio cao vé tong hop bo khung 2-
aminothiophene thong qua phan tng mé vong 2,3-diarylcyclopropane 8 dudi cac diéu
kién ctia phan ung Gewald st dung Iuu huynh trong DMF ¢6 mat morpholine lam
base xuc tac (So d6 1.7) [114]. Do chat dau cyclopropane 8 ciia phan tmg ludn can

c6 nhém p-nitrobenzyl nén cau tric san pham thu dugc khong da dang.

EWG
Ar, morpholine
EWG + Sg - Ar— N2
DMF , 60°C, 48h \ d
CN 48-83%
ON ¢ O,N
CN CN CO,Et
\ 4 \ q

O,N O,N
27 81% 27 78% O2N 809

So do 1.7. Phan iing Gewald loai mé vong.

Gan ddy, diéu kién cua phan tng Gewald dd dugc chimg minh 13 phu hop véi
céc boronat 9, tao thanh cac 2-aminothiophene twong ting. Nhom boronat ¢ thé dé
dang chuyén thanh cic nhém chirc khac bang céc phuong phap ghép mach da biét
(So d6 1.8) [87].
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EWG

I EWG Et,NH
SB + < > |\ NH
% \/\O CN DMF, 45°C, 8h 2
33-91% [B] S
B]” S B]” S B]” S B]” S
73% 74% 87% 85%

So do 1.8. Tong hop cdc boronat sir dung phan img Gewald.

Phan g bdn thanh phan Michael-Gewald dugc phat trién dé ting nhanh tdc
d6 chuyén hoéa phan tir. V&i muc dich ndy, hop phan carbonyl 11 cia phan ng
Gewald dugc tao thanh bing phan tng cong lién hop cta cac dan xuat indol khéc
nhau 10 vao cac a, B-aldehyde khong no (So dd 1.9). Tiép sau 1a phan tng ba thanh
phan Gewald dan dén sy hinh thanh hop chat 12 mang nhém indole va nhém 2-

aminothiophene cdch nhau mot nguyén tir carbon [95].

R? EWG
RN R~ O =0 85 + (
_— N R1—| X \ CN R1
H morpholine, TFA P N NEtz, 16 h
10 MeOH, 40°C, 3h H 32-82%
COOMe COOMe COOMe COOMe
NH, Br S
N—ph
81% N 82% N 59% N 78%

H
So do 1.9. Phan iing bon thanh phan Michael-Gewald.

Hop chét carbonyl trong phan tmg Gewald c6 thé duoc thay thé bang mot
benzylidenemalononitrile 13, hop chat 2-aminothiophene mang nhém coumarin—
thiazole dé dang sinh ra khi ngung tu mét aldehyde véi malononitrile (So d6 1.10).
Dic biét, phan tng bén thanh phan gém aldehyde, acetonitrile, malononitrile va luu

huynh c6 thé dugce tién hanh truc tiép voi xUc tac proline [48].
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R

Sg + R
NC~ CN ~CN 8 <CN Ar
AN ~ [ D—nH
piperidine 43 CN NaHCOs 24 S 2
EtOH, 1-4 h 20-85% C
s proline
R= [ (] 65-77% | EtOH
NN 5-8 h
S PN
o = R7CN
Ao  NCTCN
R F. HO O2N
Phjfg— R R R
| DN,
NS | S—NH, | S—NH, | D—NH,
. N N Nc” S
85% 78% 79% 87%
=
74 | R 74 | R 4 | R | R
N o s
Ho L D—NH, [ H—NH, [ >N, [ H—NH,
N NG S Ne” S NCT S
73% 75% 71% 70%

So do 1.10. Phan irng mot binh bon thanh phan tong hop vong thiophene.
Phan mg Gewald ciing da dugc phat trién cho ca cac hop chét chalcone 14,
arylacetonitrile (So db 1.11). Trong buéc thir nhat, cac chalcone va arylacetonitrile
dé dang phan tmg v6i nhau tao thanh san pham cong Michael 15 khi ¢ xUc tac base
manh 1 DBU. Sau d6, DABCO dugc str dung 1am x(c tac base dé thienyl hda 4-

cyano-1-propanone 15 tao thanh mot loat cac dan xuat 2-aminothiophene 16 [70].

> Ar
5 Ar N Ar2
A~ r N
NG Ar | NH
Ar1jk/\Ar2 > /i\g\l 5 - O S i
DBU Ar'” 0 DABCO ]
DMSO, 30 min 15 80°C, 30 min AT 16
P
| \ NH2 | \ NH, | \ NH, | \ NH,
45% 63% 52% 43%

So d6 1.11. Téng hop cac 2-amino-3-arylthiophene.



RAt gn day, Jiang va cc cong sy di bao cdo vé phan tng ciia cac enaminone
17 va methylene nitrile c6 mat luu huynh tao nén cac 2-aminothiophene khéng mang

nhom thé & vi tri s6 3 nhung c6 nhém benzoyl & vi tri s6 4 (So d6 1.12) [38].

o Sg (2 equiv)
DABCO/ DMSO
~ + NC._ _R?
17 71-89%
COOEt COOEt COOEt
Ph / \
s
o)
87% 80% 80%
COOEt COOEt
/ \
s
89% 72% 92%

So do 1.12. Téng hop cdc 2-aminothiophene tir enaminone.
1.1.2 Téng hep céc arylthiophene sir dung hru huynh
Céc arylthiophene xuét hién trong mot ) hop chét mang hoat tinh sinh hoc va
dac biét dugc ung dung rong rai trong cac thiét bi dién nhu diot phat quang, bong ban
dan [43]. Bén canh cac 2-aminothiophene, mot s6 dan xuat cia thiophene mang nhom
thé 1a cac nhan thom ciing di duoc téng hop thanh cong thong qua phan Gmg vong

hoéa sir dung truc tiép luu huynh.

Ar.
(@] aniline | S
)]\ + Sg > Y/
Ar Me PTSA, 120°C, 16h

18 51-88% 19 Ar

\ Me O
Ar)vj\Ar
20
Ph S| TN /3
N\ = OMe = OMe
m o C
75% MeO 88% MeO 71%

So do6 1.13. Sw ngung tu sulfur héa ciia cdc ketone.

23



Acetophenone 18 tao ra diarylthiophene 19 khi dun néng véi luu huynh (So
d6 1.13). Phan tng duoc xuc tac bai aniline va Bronsted acid manh nhu PTSA thong
qua su hinh thanh bd khung but-2-en-1-one trong 20 hoic din xuét imine cua 20 véi
aniline [67].

Bo khung but-2-en-1-one c6 thé thu duoc bang nhiéu phuong phap. Deng va
cong su da thuc hién qua trinh ngung tu gitta phenylacetaldehyde 21 va 1,3-diketone
(22, R = Alkyl) hoac B-ketoester (22, R = OAlkyl) véi KoCOsz / KHCO3 (3,5 equiv)
1am chat xtic tac base va su c6 mit ctia luu huynh (So d6 1.14). Qua trinh ban dau tao
thanh 23 c6 bd khung but-2-en-1-one, sau d6 dong phan hda thanh but-3-en-1-one
24. Hop chat 24 phan @ng véi luu huynh tao thanh dan xuat thiophene 25 [104].

M
o o KaCOJKHCO, SI ©

PN + + SB > \
Ph™ CHO MeMR DMSO, 95°C, 16h R
\ 22 55-84% / 3 5

o) 0
Ph Ph
\/\rJ\Me \/jj‘\Me
23 07 R 0~ "R 24
S | Me S | Me S | Me
CI4< >—<
\ Me \ Me \ Me
81% O 70% o Cl 78% o
Ph
S | Me S | OMe \S |
Q_qroa \ OMe OEt
84% O 57% O 42% O

So d6 1.14. Phan g ba thanh phan téng hep cac 2-arylthiophene.
Dihydrofuran 30 la mot chat twong duong téng hop véi but-3-en-1-one 24 ¢6
thé phan tmg voi luu huynh khi ¢6 mét morphin 1am xuc tac theo huéng twong ty (So
d6 1.15). Chat trung gian 30 tao ra trong moi trudng nudc tir phan tng ba thanh phan
gitra penta-2,4-dione 26, benzaldehyde 27 va a-pyridiniumacetophenone bromide 29
(duogc tao ra tr phan ung gitra phenacyl bromide 28 va pyridine) c6 mat xuc tac

triethylamine. Cudi cung sy sulfur hoa boi S sé tao thanh cac 3-arylthiophene [2].
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R

1. Pyridine, H,0, 80°C, 2h Ar
O O o) g o o
+ ArCHO + 2. NEt3, 80°C, 3h
B 3 : 2
MGMR Ph)@ r |

3. Sg, morpholine 80°C, 3h  Ph $7 “Me

26 27 28 84-94%
l "y | s
O O
(0] A R
O 0 + 'Py g
+ Ph)J\/Py —> Me R — O (@]
Me | R Br- Py |
Ar Ph 0™ “Me
Ar 29
0~ ~Ph 30
Cl Cl
Me EtO
o Me o EtO
O (@]
74 | (@] ) o) 74 | (@) Y 0
Ph S Me | Ph S Me |
Ph S Me Ph S Me
94% 85% 91% 86%

So do 1.15. Phan dng bon thanh phan téng hop cac 3-arylthiophene.

Sy két hop cua aldehyde thom va phenacyl bromide c6 thé dugc thay thé bang
chalcone 31 nhu mot thanh phan duy nhét (So d6 1.16). Trong trudng hop nay, budc
dau tién 1a phan tng cong Michael cua 1,3-diketone hodc B-ketoester 32 vao cac
chalcones 31 duogc xuc tac boi cac triethylamine; trong khi budc thir hai s& dién ra

gidng nhu trén [3].

Rl
Ph
o o O 1. NEts, MeCN, 80°C, 12h
M * M : Q /) o
Ph Ph R R' 2. Sg, NEtz, 80°C, 5h |
31 32 71-90% Ph ST R
Phwa
Ph o R
0
ph Me ? y. ph  © o P o
o) 0 [ © o) OEt
Ph 87 e PH S e S
84% 80% 83% 90%

So do 1.16. Tong hop vong thiophene tir chalcone va hop chdt 1,3-dicarbonyl.
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Phan trng ctia mot s6 dienol silyl ether 33 v6i luu huynh sir dung hat sang phan
tr 4 A (MS 4 A) ciing tao thanh thiophene 36. Phan tng c6 kém theo su tach loai
hydrogen sulfide tir san phim trung gian 35 (So d6 1.17). C6 thé vai trd caa MS 4 A
1a hap thu hydrogen sulfide [47].

. Me;3SiO
. (SMes MS 4 A, PhH 3
RI_A~ +
R? 8 180°C, 15 h R'"™Ng” ~R?
33 14-80% 36
| s/
s OSIMe3 OSIMG3
5 R!
/ .S —
s s A R2 h
1 S.
R S R2
34 35
Me3SiO Me3SiO Me3SiO Me3SiO
I\>\Ph nPh nMe m
Me~ S S Me~ S S
80% 77% 44% 14%

So do 1.17. Tong hop cdc thiophene tir dienol silyl ether.

Khi c6 mat pyridine lam xGc tac, luu huynh phan Gng vd&i
acetylenedicarboxylate 37 tao thanh tetramethyl 2,3,4,5-thiophenetetracarboxylate
38 (So dd 1.18). Chit trung gian 39 c6 thé thu dugc voi hiéu sudt tot (95%) khi khudy
hdn hop déng mole cuia luu huynh, pyridine va acetylenedicarboxylate ester 37 &
nhiét d§ phong [5].

CO,Me

M802C
Py, 082/CH2C|2 -
MeO,C—==—CO,Me + Sg s
37 rt.,6h MeO,C

\ / 45 CO2Me
-

MeOZC

MeOzC
39

So do 1.18. Tong hop tetramethyl thiophenetetracarboxylate.
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Hé diaryldiacetylene 40 c6 thé thienyl hoa thanh 41 khi phan tmg véi luu
huynh va base thich hop nhu NaSH hoidc t-BuONa ¢ ngay nhiét 46 phong (So do
1.19). Phan ing xay ra thong qua sy kich hoat sulfur bdi base manh dan téi su tao
thanh cta anion gc trisulfur Sz~ [116].

NaSH hay NaOt-Bu /@\
Ar————Ar + Sg Ar

Ar S
DMF hay DMSO

40 rt, 512 h 41
I vy (A0
S
PhO O O OPh \ / S \ N
rt, 78% rt, X = O, 54%
rt. X =S, 63%

So do 1.19. Tong hop céc 2,5-diarylthiophene.

Liu va cac cong sit dung mot phuong phap don gian dé diéu ché cac
thiophenedicarboxylate 42 mang bon nhom thé ddi xtimg théng qua phan ung cong
dong vong [2+2+1] cua luu huynh va cac acetylene 43 khi c6 mat potassium
hydroxide (So dd 1.20) [56].

o)
KOH, PhMe o
R +t Ss R S
=Z 100°C, 3h |
R 4 76-88% R R
R
43
o) o)
MeO O MeO S O  Pph S O
| / W L/
OEt MeO,C OMe H3C(H,C), OMe Ph Ph
CO,Me (CH,)4CHs Ph
84% 88% 76% 88%

So do 1.20. Tong hop cdc thiophenedicarboxylate.

H¢ butenyne hodc cac enyne lién hop mang nhom triflometyl 44 phan trng theo
cach tuong ty nhau. Thiophene 46 s€ dugc tao ra tur phan irng cua 44 véi luu huynh
khi dun néng voi KoCOsz trong DMF. Khi chlorodifluoromethane 45 sinh ra
difluorocarbene cé kha ning két hop véi 46 dé tao ra 3-SCF,H-4-CFs-thiophene 47
(So dd 1.21) [41].
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K,CO4
_“CF, * Ss + CICFH A\
7 8 DMF/H,0, 120°C, 8h CF3
Ar HF,CS
44 45 48-86% a7
cho3l chosl
S
ArAS\J\ + FC
CFj
HS
46
S S S _ S
\ | t-Bu \ | Cl \ | S/ \ |
CFs CFj CF3 CFs
HF,CS HF,CS HF,CS HF,CS
85% 73% 73% 75%

So do 1.21. Tong hop céc 3-SCF2H-4-CFs-thiophene.

Rét gan day, Yan sir dung phan tig cua cac tert-cyclobutanol 48 véi luu huynh

c6 mat HCOOH trong DMSO tao ra cac thiophene 49 véi cac nhom thé & vi tri s6 2,4
(So d6 1.22) thdng qua san pham trung gian da vong kém bén [107].

R! OH R2
Sg, HCOOH
DMSO, 140°C /s |
1
R? 31-88% R
48 49

Sl
\ﬁ/R

R2

Ph

@ Q—@ Q—@Meo S|
MeO

7% OMe 88%
66% 7%
Ph
< s s s Ph s
47% 86% 31% 50%

So do 1.22. Tong hop vong thiophene tir tert-cyclobutanol.
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1.1.3 Téng hep cac 2-aryl-3-cyanothiophene

Mic du di c6 nhiéu hop chit mang vong thiophene ¢ thé dugc tong hop tric
tiép tir cac phan tmg sir dung luu huynh, nhung cho dén nay van chua c6 cong bd vé
tong hop thanh cong bo khung 2-aryl-3-cyanothiophene bang phuong phéap nay.
Trong khi d6, cac 3-cyanothiophene thuong dong vai trd 1am chét trung gian trong
cac qué trinh tong hop do kha ning chuyén héa da dang va d& dang ciia nhom 3-cyano
thanh cac nhém chirc khac nhu aldehyde, ketone, carboxylic acid, amide, thioamide,

imidate, methylamino... (xem Hinh 1.3).

23

COOH

é
B [% g
ﬂ D

S
Hinh 1.3. S chuyén héa nhém chire ciia 3-cyanothiophene.

Hon nita, cac phan tir 2-aryl-3-cyanothiophene da nhom thé lién hop da cho
thdy tiém ning Gmg dung trong phat trién cac pin mat trdi hiru co [60]. Vi du nhu cac
polymer mang nhom hut eletron manh dicyanothiophene P(NDI2DT-TTCN) [49] va
3-cyanothiophene PBCT-2F [119] duoc phat trién cho cac pin mit troi hiru co hiéu
ning cao (xem Hinh 1.4). Méi day, su két hgp nhém 3-cyano vao nhan thiophene da
cho thay tac dung tich cuc dbi véi viéc nang cao hiéu suat chuyén hoa niang luong
(PCE). Vi du nhu BTORCNA c6 PCE =21,10% so véi PCE =20,27% cia BTORA
[13]. Mot hop chat 3-cyanothiophene khac 1a CHOT (3-cyano-4-hexyloxythiophene)
c6 nhom lién hop hut electron & vi tri s6 2 cling dd duoc nghién ciru Gtng dung lam

thiét bi quang dién hitu co [30].
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RO, X

s. U\
Ar\/ SAr

X OR
O BTORA (X = H), PCE = 20,27%
P(NDI2DT-TTCN) BTORCNA (X = CN), PCE = 21,10%
R2 Ar = p-(p-methoxyphenyl),NCgH,4

n-HexylO CN

/\
Ar s \
S NC X

R CHOT
3-cyano-4-hexyloxythiophene
Ar = p-(p-methoxyphenyl)o,NCgH,4
PBCT-2F X= -CN, p-F3CC6H4

Hinh 1.4. Cac 3-cyanothiophene dwoc phdt trién cho pin mdt troi hitu co.

NC, CN Q\SnBU3 NC,
/Z_ﬁ\ PN @/Z_ﬁ\@
Br Br

Pd(PPhg)s, DMF 7~ s
72%

P(NDI2DT-TTCN)

RO CN

NC O e OR O\IIB/AF arS A\
I \__s o \ 8T A
B Br
- ' S \/ .
s X OR
RO CN d( ).

Pd(PPhs)s, K2COs BTORCNA
1% Ar = p-(p-methoxyphenyl)o,NCgH,4

R1

S

I\ — \\ J
Br™ ~g” "Br  pd(PPhs),, DMF
89%

PBCT-2F

So do 1.23. Téng hop cdc hop chdt 2-aryl-3-cyanothiophene.
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Thong thuong, phuong phép tong hop hé thiophene lién hop mang cac nhém
hut hodc déy electron chu yéu dua vao cac phan Gng ghép mach nhu phan tng Stille
hay phan ng Miaura, trong d0 st dung cac dan xuit halogen cua thiophene va céc
tac nhan co kim loai (So db 1.23). Tuy nhién, ngay ca khi phan tng ghép mach c6
thé dat duoc hiéu suit cao, qué trinh tong hop thudng co hiéu suit sir dung nguyén tir
va hiéu suat toan phan thip do cin c6 thém cac bude dé didu ché chit dau. Hon nira,
sau phan (mg ghép mach, can phai tién hanh tinh ché san pham tho dé loai bo thanh
phan kim loai. Qua trinh tong hop co chi phi cao, khong than thién méi truong chinh
14 rao can 16n khi mubn dua cong nghé pin mat troi hiru co vao cac san pham gan giii
nguoi tiéu dung [111].

Viéc xdy dung cac phan Gmg téng hop moi, da thanh phan (trong d6 c6 luu
huynh don chat) va khong str dung hop chat chia kim loai cho dan xuét thiophene
mang cic nhom thé thich hop dang 13 mot lya chon day htra hen nham thay thé cac
phan tng ghép mach co kim loai. Phuong phap méi s& giup giam sé budc thuc hién,
khong can sir dung céac xtc tac dit tién va nang cao hiéu suat nguyén tir ciia toan qué
trinh tong hop. Ngoai ra, luu huynh von 1a mdt ngudn nguyén liéu ré tién, linh hoat
va than thién v6i moi truong hon cic chat hitu co chira luu huynh hay dung trong
téng hop nhu thiol hodc sulfide c6 mui kho chiu, doc hai. Do d6, phuong phap tong
hop moi st dung truc tiép luu huynh dé xay dung bo khung 2-aryl-3-cyanothiophene
¢ ¥ nghia thiét thuc ca vé 1y thuyét va thuc té.

1.2 Tong hop cac dan xuat quinoxaline

Quinoxaline 1a mot bo khung di vong cé gia tri, thudng xuyén xuat hién trong
cac duoc phim ndi tiéng nhu Varenicline (thudc cai nghién), Brimonidine (thudc
chira tang nhan ap), Quinacillin (thudc khang sinh)... [42] Khoang hai thap ki gan
day, bo khung quinoxaline con dugc sit dung rong rai dé tao nén cac thudc nhudm,
chat phat quang, vat liéu ap dién hodc ché tao pin mait troi hitu co (xem Hinh 1.5)

[91].
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I

Crp 0

Quinoxaline Varenicline

oy @Eﬁz:

Brimonidine

Dioxidine
R .\COOH Ph Ph
Crrrh  meOn
COOH O \

Quinacillin
Hinh 1.5. Quinoxaline va mét sé dan xudt quinoxaline.

Tong hop cac di vong chira nitrogen tir nguyén liéu san c6 ban dau 1a mét linh
vuc nghién ciru quan trong ciia tong hop hiru co. Viéc khdm pha cac phuong phap
méi nham xay dung truc tiép nhan quinoxaline da thu hut rat nhiéu nd luc nghién
ctru. Phuong phap phd bién nhat dé tong hop vong quinoxaline 13 sir dung phan tng
ngung tu cla cac o-phenylenediamine voi cac hop chat 1,2-dicarbonyl trong moi
truong acid (So do 1.24).

R:—: NH2+ O:R xuc tac Oi:[
NH, 07 R2
So do 1.24. Phwong phdp tong hop bo khung quinoxaline.

Céc hop chét 1,2-dicarbonyl c6 thé thu duge mot cach gian tiép trong qua trinh
phan tmg bing cach oxy héa cac 1,2-diol, a-hydroxy ketone, a-halo ketone. Tuong
tu, thanh phén 1,2-diaminoarene c6 thé dugc thay thé bﬁng 2-nitroaniline, 1,2-
dinitroarene, benzofuroxane khi ¢6 mat cac tac nhan khir thich hgp. Tuy nhién, cac
phuong phép tong hop bd khung quinoxaline hién tai van con ton tai mot s han ché
nhu chét dau c6 d6 chire hoa cao, tong hop can nhiéu budc, cau tric san pham phan
g khong da dang, dic biét 1a didu kién phan tng phirc tap, khic nghiét, khdng than

thién v6i moi trudng, hidu suat chuyén hoa nguyén tir thap [84].
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1.2.1 Tong hep dan xuit quinoxaline sir dung cac ketone

Lién két C-H trong nhém methylene bén canh nhém carbonyl cé thé bi oxy
hoéa trong diéu kién thich hop tao thanh cac dicarbonyl hoic cac chit twong tu, sau d6
xdy ra phan tmg ngung tu vé1 cac 0-phenylenediamine tao thanh céc quinoxaline.
Jiang phat trién phan Gmg cta cac benzil thu duge truc tiép tir cac ketone 50 voi o-
phenylenediamine sir dung xuc tac DBACO tao ra cac quinoxaline mang nhém thé &
vi tri C2 va C3 (So dd 1.25) [77]. Dung mdi va base tién hanh phan tmg c6 thé thay
d6i linh hoat nhu Jiao tién hanh trong toluene & 60°C str dung EtsN [115] hay Chen
str dung K>COs trong toluene ¢ 90°C [92].

% 0 DBACO, o2 I
RI_/ * Ar.'IJJ\/Arz

NH, DMF, 120°C
77-94%

e Oy @E}@r e,

So dé 1.25. Téng hop cdc quinoxaline tir cdc benzil.
Bing cach thuc hién phan ung cta cac o-phenylenediamines va 1,3-diketone
51, Nageswar di phat trién mot qué trinh ngan gon dé tong hop cac quinoxaline 52
mang nhom thé & C2 va C3 khi c6 mit NBS trong nudc & 70°C (So d6 1.26). Chat

trung gian sinh ra khi bromine hda céc diketone 51 1a cac a-bromodiketone 53 [50].

R o NH + o 0 NB fj\
N R1H\)LR2 80°C, 3 h

NH,

51

| R1lK(U\R2 T
Br

53
(@] (e}
socliveaicralbres
~ ~
N Ph N

85% 84% 79% 88%

So do 1.26. Tong hop cdc quinoxaline tir cac 1,3-diketone.
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Mot cach tuong tu, khi stir dung a-bromoketone 54 dun néng trong khong khi
v6i cac o-phenylenediamine, Nair thu dugc cac quinoxaline 55 mot cach truc tiép ma
khong can t6i bat ki tic nhan nao khac (So d6 1.27). Phuong phép c6 diéu kién phan
g rat than thién véi méi trudng nhung pham vi 4p dung cta chat dau con han ché,

kho tién hanh véi luong 16n [51].

N NHo Ar H20 ]/
NN O%]\/Br 80°C, 3 h
2 54 73-85%

@:ZWRCU
e v ad ceadiboc

83% 78%

So do 1.27. Tong hop cdc quinoxaline tir cdc phenacyl bromide.
1.2.2 Téng hep dan xuat quinoxaline sir dung cac alcohol
Nam 2007, Cho and Oh sir dung CuCl, lam xtc tac cho phan Gng cia cac a-
hydroxyl ketone 56 and o-phenylenediamine (So d6 1.28). Cu(Il) c¢6 kha ning oxy
hoa nhom alcohol trong 56 lam tién dé cho phan ng ngung tu tao thanh céc
quinoxaline. Xuc tac dugc tai tao nho qua trinh oxy hoéa ctia Cu(l) vdi oxygen trong
khong khi [20].

1
TN NHz + o CuCl, N N\ R
R lK/OH > R
I = R? = /
NH, Toluene, 100°C

72-94%
94% 79% 83% 76%

So do 1.28. Tong hop cdc quinoxaline sik dung xiic tac CuCla.
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Sau d6, di c6 rat nhiéu nghién ctru twong tu phat trién cac loai xtc tac khac
nhau nhu Ru/C/B-cyclodextrin [4], FeCls/morpholine [93], Ga(ClO4)s/EtOH [74],
nhuya Amberlite IR-120H [46], Cu(OAc)2/(2,2,6,6-tetramethylpiperidin-1-yl)oxyl
[37], propylphosphonic anhydride/DMSO [32] [72], PTSA/DMSO [117] (So d6
1.29).
NH,

0]
N + xuc tac o N A
R OH R
= Ar > L _
NH; Ar N~ Ar

So do 1.29. Tong hop cdc quinoxaline tir cac a-hydroxyl ketone.
Gan day, Saha bao cdo phuong phap téng hop cic quinoxaline str dung 2-iodo
benzoic acid, a-hydroxyl ketone 57 va sodium azide c6 mat xuc tac organo-Cu(ll)
(So d6 1.30). Qua trinh ban dau 13 phan tng Schmidt tao ra 0-iodoaniline rdi tiép tuc

thé nucleophile thanh o-phenylenediamine duéi anh hudng cua xuc tac Cu(Il) [83].

!
COOH  HO R NH,OH, NaN5 N7 R

57 DMSO, 185°C
l 55-79%
O X S
NCO NH, NH,
A\
N_ _Ph N ~ N
O 0 L
~
N~ Ph N \ o N
75% 729 / 68%

So do 1.30. Tong hop cdc quinoxaline tir 2-iodo benzoic acid.
Clement va cac cong su st dung ngudn nguyén liéu carbohydrate dé phat trién
phan g mot binh téng hop cic quinoxaline bang qué trinh oxy héa ghép mach ciia
cac glycol 58 véi 1,2-dinitrobenzene. Phan rng dugc xtc tac bdi hat nano vang phu
trén CeO2 (So dd 1.31) [22].
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HO._ _R!

Au/CeO, I 5

8
NG diglyme NH HO~ "R? \
@ 2 go°C ©i 2 Au/CeO, @ \]\
NO, 10 bar H, NH, diglyme N R
24h 140°C, 30h
N N._ _CH, N._ _CH, N. _Ph
N N N N
) CLyU ooy
N N N~ “CH, N
91% 84% 87% 70%

So do 1.31. Tong hop cdc quinoxaline tir 1,2-dinitrobenzene.

Niam 2021, Song va cac cong su bao cao vé tong hop cac quinoxaline bang
phan mg trao ddi hydrogen gitta cac o-nitroaniline 59 va cac 1,2-diol 60 khong sir
dung kim loai chuyén tiép (So d6 1.32). Phan tng duoc thyc hién dudi khi quyén
argon trong dung mai toluene & nhiét 4o cao c6 mat xuc tac NaOH dat hiéu suét 44-
96% [103]. Xtc tac ctia qua trinh can str dung kim loai quy dang nano twong dbi dat
d6 va khong dé diéu ché. Tuy co thé tai sir dung, xtc tac can phai xtr 1y lai dé tranh

giam hiéu qua xtc tac.

2
(\INHz R i NaOH (0.5 equiv) N R
R * Ho)\/ - R'—EI I
= Toluene, Ar AN
NO, OH N” R
59 60

120°C, 3 h
48-96%
N Ph N N N
N N N X
L o0 oo, 1o
N Ph N N Ph N
96% 75% 72% 70%

So do 1.32. Tong hop cdc quinoxaline tir cdc o-nitroaniline.
1.2.3 Tong hop dan xuat quinoxaline sir dung cac alkyne
Céc hop chat mang lién két boi carbon-carbon (ndi d6i, ndi ba) co thé chuyén
hoa thanh cac hop chit carbonyl duéi tac dung ctia nhiéu loai xuc tac khac nhau. Do
d6, cac hop chét khong no co thé tham gia phan g tong hop vong quinoxaline voi
cac o-phenylenediamine.
Nam 2008, Provot and Alami st dung hé¢ DMSO-PdI, lam tc nhan oxy hoa

cac alkyne thom 61 tao ra cac dicarbonyl 62 ¢ 140°C. Sau d6, vong quinoxaline dugc
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tao thanh tir phan ng cua o-phenylenediamine véi benzil 62 (So d6 1.33) [59].
Chandrasekhar cai tién hé xtc tac ctia phan ung nay sit dung PdCl2/CuCl; trong
polyethylene glycol c6 kha nang oxy hoa alkyne 61 ¢ nhiét 4o phong lam phan ung

xay ra ¢ diéu kién ém diu hon [15].

NHz At N Al
Pdl
X 2 ~
L., s - X
NH2 r DMSO, 14OOC N Ar2

61 57-81%
| v
41~\[(Ar2
o)
80% 81 %j/\©\ 753)/\@ 80%

OH
So do 1.33. Tong hop cdc quinoxaline sir dung Pdlb.

Niam 2011, Chen tong hop cac quinoxaline 64 thong qua phan ung cia o-
phenylenediamine va céac alkyne dau mach 63 c6 mit Cu(OAc): trong toluene & 70°C
(So dd 1.34). lon Cu?* déng vai trd hoat héa ndi ba C=C, thiic day phan tmg cong
amine vao alkyne [102]. Sau d6, Wang va cac cong su d phat trién hé xuc tac di thé
Fes0s@Cu20—graphene oxide véi cau tric xop nano co thé tai sir dung trong qua

trinh tong hop cac quinoxaline theo phuong phap ciia Chen [105].

Cu(OAc),.H,O N Ar
NH2 Ar N
R @: AN DMAP, Cs,COs R )
NH, 63 70°C, 8h N
42-99% 64 Ar

O OMe F
@U/\ L L - o
N bz
= Ph TN - N
86% 49% O 42% O 99% O
OMe F

So do 1.34. Tong hop cdc quinoxaline tir alkyne sir dung Cu(OAc)a.

37



Dé tranh viéc phai sir dung cac hop chit c6 chira kim loai chuyén tiép, Chuang
va Wang phat trién xuc tac PhI(OAc)2 nham tong hop cic quinoxaline 65 thong qua
phan tng cuta cac diamine 66 va alkyne 67 c6 mat oxygen khi dun néng trong DMSO
& 120°C (So d6 1.35) [17].

NH2 1 1
. A s PhI(OAC),, O, A N A
N, R—
NH2 Ar DMSO, 140°C SN A2
65

73-90%

o0 ©I©O2©I CLY” e

89%

90% 83% 85%
So do 1.35. Tong hop cdc quinoxaline tir alkyne.
Takeda va Minakata m¢ rong phan ung theo hudng st dung cac alkyne 68
mang cdc nhom hut electron (EWG) nhu —CO2R, -SO2Ph phan Gng véi cac o-
phenylenediamine 69 c6 mat PhI(OAc). trong DMF tao thanh cac quionxaline 70

thong qua viéc hinh thanh san pham cong Michael 71, dihydroquinoxaline 72 (So d6

1.36) [71].
EWG
NH, PhI(OAc)s,, (I I
R{:[ o DMSO, 140°C
NF: EWG 44-97%

69 l 68 /‘
NH, N. _EWG
AN
€0 — €T
~
NH N EWG
EW
GWE)\/ G 72
71
N -COzMe MeO N._CO,Me NC N._CO,Me
N N
N Cone N COzMe N COzMe
92% 97% 89%

So do 1.36. Tong hop cdc quinoxaline tir alkyne mang nhdm hut electron.
Bathula phat hién ra rang iodine ciing co thé diéu hoa qua trinh oxy hoa dong

vong tuong ty dé tong hop cac quinoxaline bang cach dun néng cac alkyne trong
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DMSO & 100°C trong khong khi [99]. Bén canh céc alkyne dau mach, phan tng ciing

thanh cong véi cac arylethene hoic ketone thom (So do 1.37).

A/

r r o NH2 l,, K,CO4 (I I
Ar - + R'¢

T ““NH, DMSO, 100°C

o 69-80%

B .
\ )J\/I - )K/O

O
QN\]/Ph QN\]/@ Ph)UNTPh @NjQ
N/ N/ N/ N/ Me
76% 80% 69% 80%
So do 1.37. Tong hop cdc quinoxaline si dung iodine.

Cui va cong su dé xudt qué trinh tong hop quinoxaline tir phan tng cta cac -
phenylenediamine va alkynone 73. Phan ung dién ra cin méi truong base manh
(CH3)3COK trong DMSO, sir dung Oz khong khi 1am chat oxy héa dé loai boé nhém
methylene tir san pham trung gian 74 (So d6 1.38) [88].

1
NH, 11\ 1. MeOH, 24h N R
R{ L+ "N i X
NH2 R2 2. t-BuOK N R2
73 DMSO, O,
l 46-88% T

@1 =
s d @IQ @ﬁ@:r?

88% 76% 46% 50%

So do 1.38. Tong hop cdc quinoxaline tir alkynone.
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Nhin chung, tuy cac qué trinh tong hop vong quinoxaline trén di tranh dugc
viéc sir dung cac hop chat co chtra kim loai chuyén tiép nhung diéu kién phan tng
turong d6i khic nghiét nhu can st dung base manh, chit oxy héa manh.

1.2.4 Téng hep dan xuit quinoxaline sit dung Iwu huynh

Trong cac phan tng, luu huynh cé thé vira dong vai tro chit oxy hoa hoidc chat
khir. Do d6, kha ning st dung luu huynh trong cic phan tng téng hop vong
quinoxaline 13 kha thi va c6 thé dem lai nhitng két qua thu vi. Trong phan tiép theo,
cac két qua nghién ctru quan trong gan day c6 lién quan dén phuong phéap tong hop
cac dan xuat quinoxaline sir dung lvu huynh nay s& duoc trinh bay mét cach tom luoc.

Niam 2013, T. B. Nguyén da mé ta phuong phap tong hop cac quinoxaline 77
tir cac o-nitroaniline 75 va 2-arylethylamine 76 mot cach truc tiép nho hé xuc tac
iron/sulfur (So d6 1.39). Thuc chat, x{ic tac cho phan ing ngung tu trong diéu kién
khong c6 dung méi 1a iron sulfide dugc tao ra tir FeClz:6H20 va luu huynh [68].

0,05 equiv. FeCl3*6H,0

NH H,oN
R TN 2 + 2 \L 0,2 equiv S _ j\
T -
120°C, 24h

NO, R2

Ny N<
1 )
N~ [CH,]sCH; N
75% 94% 48% 56% OMe
e
75% 73% 75% 80%

So do 1.39. Tong hop cdc quinoxaline tir 2-arylethylamine.

Céc o-phenylenediamine tir 1au da dugc biét dén c6 kha nang bi oxy héa nhanh
chéng trong diéu kién thudng, dé dang chuyén sang sim mau trong khong khi. Tuy
nhién, céc bis-diaza-nucleophile nay lai twong d6i 6n dinh v6i luu huynh ngay ca &
nhiét d6 cao. Nam 2016, K. N. Singh d3 béo cdo vé phan tng ctia cac 2-aminoaniline

78 véi cinnamic acid 79 tao thanh cac 2-arylquinoxaline 80 sir dung luu huynh dé
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diéu hoa qué trinh ghép mach C-N kém theo tach carboxyl & 130°C khong can st
dung dung moéi (So db 1.40) [31].

X N\
NH, o\ COOH Sa R1—©:
i;[ 2—:(>/\/ N-methylmorpholine NN
NH2 = R
79 80

130°C

o%j\© 5% 61 % 5%
8%]\© 56% 54%

So do 1.40. Tong hop cdc quinoxaline tir CAC cinnamic acid.
Nam 2017, T.B Nguyén va cac cdng su da nghién ctru phan trng oxy héa ghép
mach gitra c&c o-phenylenediamine 81 va cycloalkanone 82 trong moi truong luu

huynh néng chay co thé d& dang thu dugc cac quinoxaline 83 (So d6 1.41) [65].

/@NHZ . Om Sg (5 equiv) /@ m
o
R NH, - 100°C, 16 h

81 82
N n=1,79%
~ n=2,83%
N n=3,53% COOCH;
" n=7,5%% 84% 79%

So do 1.41. Tong hop cdc quinoxaline tir cdc cycloalkanone.
Phan g da duoc tiép tuc phat trién thanh cong véi cac ketone mach hé. Luu
huynh thé hién kha ning xtc tic cho quéa trinh ngung tu oxi hda cua cac o-
phenylenediamine 84 véi cac acetophenone trong DMSO tao thanh din xuét
quinoxaline. Phan tng c6 thé dugc mo rong khi thay thé cac acetophenone boi cac o-
tetralone, propiophenone hay cac chat twong tu dé thu dugc cac naphthoquinoxaline

(So 6 1.42) [61].
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R

N\ R
a0 I‘
G
S5 (0,5 equiv)

NH, _
. R=H, Al oxalic acid (0,1 equiv) R =H, Ak
NH; DMSO (0,5 mL) N
84 A
° @ ¥
OO C .

67% 32% 53% 30% N/]
N.  EtO,C N N._ _Me N. _Et
N N N N
JOSNROS! @ N O
Me N~ Ph N~ Ph N~ Ph N~ “Ph
55% 39% 67% 30%
F
" () ) ()
@NIQ @N N @N
— A P
N” Ph N @N/ N Me
42% 78% 77% 67%

So do 1.42. Tong hop cdc quinoxaline tir cdc acetophenone hodc tetralone.
Rat gan ddy, S.K Pandey ciing dd co bao cao vé tong hop cac dan xuat
quinoxaline 85 tir phan trng cuia 0-phenylenediamine 86 va cac sulfoxonium ylide 87
trong DMSO sir dung luu huynh lam chat diéu hoa (So d6 1.43) [16].

L A e O,
Cr, O, OO S O,

68% 68% 84%

86% 73%

So do 1.43. Tong hop cdc quinoxaline tir cdc sulfoxonium ylide.
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O Viét Nam, nhom nghién ctru cia Pai hoc Ki thuat thanh phé HO Chi Minh
d3 cong bd phan ung ngung tu gilta o-phenylenediamine 88 va o-
hydroxyacetophenone 89 (c6 thé thay bang o-chloroacetophenone) tao thanh
benzofuroquinoxaline 90 c6 mit sulfur 1a chat diéu hoa, DABCO Ia base trong dung
moi DMSO (So d6 1.44) [96].

Ss (3 equiv) //R‘
NHz )‘tO DABCO (1,5 equiv) N 7
X I (X
|
NH, DMSO — N/ Y

120°C, 30 min
X = OH NH2 Cl Y=0,NH, S
COUr Q O Q CIrx \ 9P St 9
N~ O NC N7 O H,N N N~ O
97% 97% 36% 54%
82% 56% 81% 51%
DO IQ Cr I¢ L r@ o IQ
79% 34% 10% 67%

So do 1.44. Tong hop cdc quinoxaline tir cdc 0-hydroxyacetophenone.

Nhom nghién ctru trén cling d3 mo rong phan tng dé téng hop cac 6H-
indolo[2,3-b]quinoxaline 93 tir cac indole 91 thong dung va cac 1,2-phenylediamine
92 ¢6 mat luu huynh, base DMAP, va dung mdi DMSO (So d6 1.45). Phan ung dat
hiéu sut trung binh ngay ca khi mang cac nhom phenol, pyrazole, cyano, va amine
bac hai. Tuy nhién, khi c6 mat cdc nhom thé trén vong indole hodc st dung 1,2-

diaminocyclohexane thi hi¢u suat phan img giam di dang ké [35].
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R NH, Sg (3 equiv)
. I DMAP (1,75 equiv) _ I
N .

R i NH2 DMSO, 140°C
97% 68% 21% 20%

So do 1.45. Téng hop cdc quinoxaline tir cdc indole.

Nam 2022, nhoém nghién ctru tai phong Hoéa dugc, PH Khoa hoc Tu nhién da
bao c4o vé phuong phép tong hop cac 3-arylquinoxaline-2-thione 96 nhanh gon thong
qua phan ng ngung tu oxy hoa ba thanh phan ctia cac acetophenone 95 véi cac o-
phenylenediamine 94 va luu huynh trong DMSO c6 mat piperidine lam xtc tac (So
d6 1.31). San pham thu duoc ¢ dang két tia tir hon hop phan tmg nén c6 thé dé dang
phan tach [63].

Sg (1,5 equiv)
N NH, . Me Ar piperidine (0,2 equiv) j
R'—
= NH \[or DMSO (3 equiv)
2 (o]
94 95 80°C, 16 h
76% 68% 61% 90%

So do 1.46. Tong hop cdc quinoxaline tir cac acetophenone.

Nhu vdy, mic du phuong phap tong hop bo khung quinoxaline c6 sir dung luu
huynh da dugc phat trién trong hon chyuc nim gan ddy nhung sb luong ciing nhu phd
chit van con han ché. Dic biét, bén canh viée st dung o-phenylenediamine thi chét
dau con lai hau hét déu 13 cac hop chat carbonyl, van chua cé cong bd sir dung cac
hop chét alkyne. Trong khi d6, chién lugc chirc héa truc tiép cac alkyne dau mach
thdng qua qué trinh oxy hoa lién két C=C cua alkyne dé thu duoc cac hop chét 1,2-

dicarbonyl, sau d6 phan tmg véi o-phenylenediamine dé tao ra 3H-quinoxaline da
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duogc tién hanh rét thanh céng véi cac xuc tac chira kim loai chuyén tiép. Tuy nhién,
ngoai chi phi dang ké cua chét xtic tic chira kim loai quy va phdi tir, con c¢6 hai han
ché quan trong cua phuong phap: (1) loai bo cin kim loai khoi san pham, dic biét 1a
cho cac tmg dung duoc pham; (2) qué trinh oxy héa khéng mong mudn cua o-
phenylenediamine von dic biét nhay cam véi cac chat oxy hoa théng thuong, bao
gdm ca oxy khong khi [27].

1.2.5 Téng hep cac 3-arylquinoxaline-2-thione

Cac 3-arylquinoxaline-2-thione 12 mot 16p dan xuét cta quinonxaline thuong
dong vai tro 1am chat trung gian trong qua trinh tong hop cac hop chit ¢ hoat tinh
sinh hoc dugc dung lam duogc phém nhur HBY 097 1a thudc diéu tri ADIS, NCS
734278 1a thubc chéng ung thu... (xem Hinh 1.6). Ngoai ra, cac 3-arylquinoxaline-
2-thione ciing dugc sir dung dé tong hop vat lidu polymer duing trong pin quang dién,
diode phat quang [7].

H O c
i o

N\ S\)J\N OMe
/ .
N 7

N Ph

quinoxaline-2-thione
NCS 734278

N. _SzO
/Ej \j: \O
| u/o ~ /\
N
N
\@ r /@ j/\©\ PI3K inhibitor K/ SO,Me

HBY 097

Hinh 1.6. Mét s6 hop chdt quinoxaline-2-thione cé hoat tinh sinh hoc.

C6 hai phuong phuong phap chu yéu hién nay dé tong hop bd khung
quinoxaline-2-thione. Hudng thir nhét 1a sir dung cac phan tng chuyén héa nhém
chtrc trén bd khung quinoxaline co san. Vi du nhu Chuwa va cong sy sur dung tac
nhan P,Ss trong moi truong kiém [72] hay Khan sir dung N-cyclohexyl
dithiocarbamate [86] (So d6 1.47). Cac tac nhan trén déu c6 nhugc diém 1a kha ning

phan ung cao, rat nhay véi do am, kho bao quan, d¢ chon loc nhom chuc thép.
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@10

91%

H
N S
—

N Ph

N o) P,Ss
@ I Pyridine

N Ph 95%

So do 1.47. Tong hop phenylquinoxaline-2(1H)-thione bang phwong phdp

chuyén héa nhém chire.

Huéng thir hai dé thu dugce b khung quinoxaline-2-thione 14 sir dung phan
g ngung tu cta o-phenylenediamine véi cac hop chat benzoyl. Chen sir dung phan
ung cua acyl thioformanilide 97 véi 0-phenylenediamine trong methanol dudi khi

quyén N2 ¢ nhiét d6 phong tao ra 3-phenylquinoxaline-2-thione (SO d6 1.48) [58].

PhHN:E @NW MeOH @ f

46%

So do 1.48. Téng hop phenylquinoxaline-2(1H)-thione tir acyl thioformanilide.

Jun Dong tong hop phenacyl sulfoxide mang nhém 1-methyl-1H-tetrazole 98
r0i cho phan tng véi cac 0-phenylenediamine dé thu duoc cic quinoxaline-2-thione
(So d6 1.49) [45].

>_\ N-N ©:NH2 dioxane @[ f
PR S— U +
NE T sc

NH»
98

So do 1.49. Téng hop phenylquinoxaline-2(1H)-thione tir phenacyl sulfoxide.
Junjappa tong hop bd khung quinoxaline-2-thione 99 théng qua phan tng dong
vong cua a-nitroketene N,S-anilinoacetal 100 khi c6 mat POCls ¢ 80°C trong CH3CN
[98]. Sau d6, bang phan tmg nbi mach cua 99 v6i PhMgBr trong THF st dung xtc
tac Fe(acac)s sé& thu dugc phenylquinoxaline-2(1H)-thione 101 (So d6 1.50). Qué
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trinh dd duoc ap dung dé téng hop cac dan xuit quinoxaline 1am tic nhan c6 hoat tinh
sinh hoc chdng trypanosomal va leishmanial [44].

H Fe(acac); (0,1 equiv)
©/N\[SM9 POCIs, 80°C ©:NISM9 PhMgBr (2,2 equiv) ©:NISM3
NO, CHiCN, 70% N“>cl THF,-30°C, 36% N” Ph
100 99 101

So dé 1.50. Téng hop phenylquinoxaline-2(1H)-thione tir a-nitroketene N,S-

anilinoacetal.

Nhin chung, cac qua trinh tong hop quinoxaline-2-thione hién nay déu can téi
cac chat dau co d6 chirc hoa cao, can nhidu budce dé tong hop, khong than thién véi
moi trudng do hop chét trung gian chira Iwu huynh c¢6 mui khé chiu, doc hai. Trong
khi da c6 kha nhiéu cac dan xudt quinoxaline duoc tong hop thanh coéng thong qua
phan tng cia cac hop chat carbonyl va o-phenylenediamine c6 mat luu huynh thi
hién tai vin chua c6 cac cong bd twong ty v6i cac hop chat alkyne. Do dé, viée xay
dung phuong phap méi tong hop cac dan xuat 3-arylquinoxaline-2-thione tir cac hop
chat alkyne st dung tric tiép luu huynh rat c6 ¥ nghia ca vé 1y thuyét va thuc tién.
1.3 Tong hop cac dan xuat furan da nhém thé

Furan 1a mét cau tric rat pho bién trong cac hop chat thién nhién nhu terpene
hodc alkaloid. Trong do, rat nhiéu cac din xuét furan da nhom thé thé hién hoat tinh
sinh hoc dang chu ¥ nhu kha ning e ché enzyme, diét khuan... Vi du nhu Plakorsin
D 13 mét furan ba nhom thé phan 1ap tir loai bot bién Plakortis simplex c6 hoat tinh
chdng ung thu; Bhimamycin B 1a mét furanonaphthoquinone san xuat tir ho vi khuan
Streptomyces c6 kha ning khang khuan manh. Nhiéu loai dugc phdm thuong mai
cling co6 chura cac hoat chét 1a cac dan xudt furan da nhom thé. Mot sb loai thude phé
bién c6 thé ké dén nhu: Nitrofurantoin 1a thudc dung diéu tri cac trudng hop nhiém
khuan duong tiét niéu cap khong bién chimg va man tinh; Ranitidine 1a thudc khang
thu thé histamin H2 dung trong cac truong hop loét da day, té trang (xem Hinh 1.7).
Ngoai ra, cac furan da nhom thé con 13 chét trung gian cua rat nhiéu cac qua trinh

téng hop hoa hoc [11].
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OH O OH
HO

_ 2 OH
W Ty g
RN O
/ pu—
S O | / OH
Furan o

OHC
Bhimamycin B Furoscrobiculin B Crassifogenin A
O,N o o HOOC o NO, o |
| . W \ N
H
A \ .
Nitrofurantoin Plakorsin D Ranitidine

Hinh 1.7. Furan va mét sé dan xudt furan.

Céc phuong phap tong hop vong furan rat da dang va phong phu. Vé co ban,
cac phan mg tao vong furan c6 thé phan chia thanh cac hudng chinh bao gdm: phan
mg ngung tu khong oxy hoa khir, phan tmg sir dung xtc tac chira kim loai chuyén
tiép va phan ng (mg oxy hoa khir khong sir dung kim loai chuyén tiép.

1.3.1 Cac phan wng khéng oxy hoa khir tao vong furan

Phuong phap c6 dién sir dung cac phan tmg ngung tu nhu phan ting Paal-Knorr
va phan mg Feist-Benary dé tao thanh vong furan. Phan tng Paal-Knorr tong hop
vong furan tir cac hop chat 1,4-diketone trong mdi truong acid. Co ché phan tng
thong qua qué trinh proton hoéa mot nhom carbonyl rdi chuyén thanh dang enol. Tiép
theo, dang enol s& tan cong ndi phan tir vao nhom carbonyl con lai dé tién hanh vong
hoa. Cubi cuing 1a qua trinh tich nudc ctia hemiacetal tao thanh furan. Phan ng Feist-
Benary la phan rng gitta cac a-halo ketone va B-dicarbonyl xuc tac béi ammonia hay
c4c amine nhu pyridine. Budc dau ciia phan tng twong tu v6i ngung tu Knoevenagel
tao thanh enolate. Sau d6, enolate thé halogen cua a-halo ketone. Cubi cing 1 qua
trinh enol hoa va déng vong tao dan xuat furan. Mot sd nghién ciru gan day van tiép
tuc ké thira, phat trién hai hudng tong hop nay [94].

Niam 2019, Wu béo cdo vé phan (g mot binh ciia tong hop cac dan xuét (2-
furyl)methyl thioether 102 tir cac enynone lién hop 103 va thiophenol hodc thiols 104

trong diéu kién twong dbi ém diu (So dd 1.51). Phan tng tao ra san pham allene trung
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gian va trai qua qua trinh vong hoa 5-exo-dig. Phuong phap da duoc ap dung dé tong
hop CNKSPR1 12 tién chat trc ché giai doan cubi cua glutathione [108].

O O R2
DBU _R4
2 3 S—R
A R ek MeCN, 50°C O)\/E\>_<
e
104 ’ o R
X " 44-93% R®
103 102 0
0
% (0] (@) —
— = = o
o) 0 =
~ S O
Sy
- S
s
S o~ Qs oeley
93% 92% 89% CNKSPR1

So do 1.51. Tong hop cac (2-furyl)methyl thioether.
Weng tong hop cac 2-trifluoromethyl furan 105 tir phan tng déng vong cua
ketonitrile 106 va 3-bromo-1,1,1-trifluoroacetone 107 trong mdi truong base (So dd
1.52). Phan tng c6 thé ap dung véi ca cac f-ketonitrile thom va no dé diéu ché cac

dan xuét furan ing dung trong hoa dugc va nong nghiép [101].

Na,CO; O
(0] 0] 1,4-dioxane R
CN Br
RJ\/ CFRK/ 80°C, 12h HN / o\ cF,
106 107 60-94%
105
0 MeQ o 0 0
" »
B = B B
H2N ) CF3 H2N o CF3 H2N 0] CF3 H2N e} CF3
86% 91% 90% 94%

So do 1.52. Téng hop cdc 2-trifluoromethyl furan.

Zhao téng hop cac furan da nhom thé 108 tir cac f-keto (B-diketone, B-
ketoester, B-ketosulfonyl, B-ketonitrile) va vinyl dichloride (So do 1.53). Giai doan
dau 13 phan tng tach cua cac 1,1-dichloroalkene bai base tao ra alkynyl chloride, sau
d6 1a phan tng cong nucleophile sinh ra f-ketoalkyne. Budc cudi cung 1 qua trinh

vong hoa ndi phan tir tao ra 108 [118].
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EWG

0
o Cl  Cs,COs DMSO
At EWE AT — g I\gf Ar!
c

cl N, 120°C, 10h Ar2
l l 55-83% / 108
o A2 O Cl
+ NV —_— 2
o EWG N AP A
EWG
o)
Ph CN COOEt CN CN
S
| S—ph /E\ngh /E\g—lvh B Q| m
pn~ O pn~ O ph” O O prh” O
83% 78% 74% 80% 70%

So do 1.53. Tong hop cdc furan ba nhém thé tir vinyl dichloride .
Nim 2021, Thibonnet thanh cong tong hop céc furan 109 bang qué trinh vong
hoa 5-exo-dig trong moi truong base cac 2-en-4-yn-1-ol 110 véi hiéu suat tot (So dd
1.54). Qua trinh st dung xtc tac base ré tién t-BuOK, tuy nhién, lugng du base c6 thé

dan dén su phan hiy san pham furan [34].

R? Me
3 JE—
R= -BuOK (0,5 equiv) R
Me | \ R1
0,
HO THF, 83°C, 4h  R3 g

R 889
110 77-88% 109
\ . Me 7
—
R']
R?’\)fogi
MeO F
Me o Me Me Me Me
Cl N\
Ph\/E(;S Ph s \©\/Ec> el el
o Ph o Ph o
8 81% 0
85% A 77% 86% 860%

So do 1.54. Tong hop cdc furan da nhém thé tir enynol.
Téng hop furan da nhom thé ciing ¢ thé thyc hién trong méi truong acid nhur
Zhu va cac cong su cong bd phan Gmg mot binh xuc tac boi Lewis acid tao ra furan
111 tir cac eneyne-ketone lién hop 112 va 1,3,5-triazinanes 113 (So do 1.55). Buéc
quan trong cta phan Gmg 13 su tin cong nucleophile ndi phén tir cia nguyén tir oxygen

trong nhom carbonyl vao lién két ba da duoc hoat hoa nhd BF3 [39].
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O (@] R fe)

|
R R2 rNj BF;0Et, (0,3 equiv) " NHR
| ’ N_ _N MeCN. 110°C, 10h B

112 N Ph i 113 " 53-89% R 1(1)1 o
o} o} o}
/WN4©—< /WN@—SN@ />|\/\>_|-<|N4©—0Me
o Ph o Ph o] Ph
89% 88% 88%

So do 1.55. Tong hop cdc furan da nhom thé tir eneyne-ketone lién hop.

Nhin chung, cic tong hop vong furan bang cac phan ung ngung tu khong oxy
hoa khir déu st dung chat dau c6 do chirc hoa cao, can téng hop qua nhidu budc.
Ngoai ra, diéu kién phan mg twong d6i khac nghiét khi sir dung cac acid va base
manh lam X{c tac.

1.3.2 Céc phan wng tao vong furan c6 sir dung kim loai chuyén tiép

Trong thap ki qua, xtic tac kim loai chuyén tiép di dugc phat trién va ing dung
rong rii trong cic qua trinh tong hop furan nham hoat hoa chat dau va tang toc do
phan tng bang cach phdi tri hay trao d6i phéi tir, phan cit hodc ndi ghép lién két. Uu
diém noi bat ciia cac phan Gmg sir dung xuc tac kim loai chuyén tiép 1a su phong phii
trong cau triic cta ca chat dau va san pham cung vai hiéu suat phan Gng cao [94].

Trudc ddy, cac phan ing ghép mach cua céc alkynyl vai xuc tac 14 hop chat
kim loai chuyén tiép thudng duogc sir dung dé tong hop vong furan. Vi du nhu Akai
str dung cation Au(I) diéu hoa qua trinh vong hoa ndi phan tir cua 3-alkyne-1,2-diol
[25] hay Liu st dung Pd(II) trong méi trudng acid dé tong hop cac furan mang nhém
thé aryl hodc alkyl & vi tri C2 va C5 tir cac enyne acetate [19] (So d6 1.56).

2
HO R2 PhsPAUCI, AgNTF, R
42%@ jl\/\>7R3

HO PhMe, 20°C R O
=Y 85-98%
1 Pd(OAc),, BF4.OEt
R\/\ ( )2 3 2 J|\/\>7R2
\ 5 > O
OAc R PhMe, 20°C R!
72-94%

So do 1.56. Tong hop furan tie cic alkyne.
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Nam 2014, Zhuo nghién ctu phan ung oxy hdéa ghép mach cua céac 1,3-
dicarbonyl 114 v&i ketone 115 khong no khi c6 mit MnO; tao thanh céc furan bon
nhom thé 116 (So do 1.57). Hop chit 1,3-dicarbonyl tao ra gbc tir do dugc bén hoa
boi sy tao phirc voi Zn?* 1di tién hanh qua trinh cong vao ndi d6i cua ketone, vong

hoa tao thanh san pham trung gian dihydrofuran [120].

o MnO,/ZnCl, o O g3
O O (6,0 equiv.)
+ R'
R1M\/\R2 RSM\/U\RA‘ HOAcC | \ R4
115 114 44-86% RZ O
116
o) o) o) o)
0 O o o OEt 0 X\ _ort
Ph Ph Ph
B B B B B
ph” O ph” O pn” O pr” O o O
71% 53% 74% 60% 44%

So do 1.57. Tong hop furan bon nhém thé tir hop chat 1,3-dicarbonyl.
Hajra tong hop thanh cong cac furan ba nhom thé 118 bang phan ting dong
vong cua cac ketone 119 vai carboxylic acid a,f-khdng no 120 véi sy ¢6 mat cua
mudi Cu trong DMF & 140°C trong khong khi (So d6 1.58). Nudc déng vai tro dic
biét trong phan {mg, c6 1& gitip hinh thanh cac enol trung gian dé tao phuc hoat hoa
véi Cu(l) [29].

CuCl (1 equiv.)
Cu(OAc),.H,0 (1 equiv.) R?

o)
2 - COOH - D,Rs
RAK/R RTY DMF, O, (1 atm) ] | S
119 120 H,O (3 equiv.), 140°C 118
52-67%
0O S
I\yph I )pove T <]
pn” O ph” O P~ O pr” O
67% 52% 54% 56%

So do 1.58. Tong hop furan tir cac carboxylic acid a,f-khéng no.
Niam 2021, Ferreira phat hién phan tng tong hop 3-carbonylfuran 121 thong
qua quéa trinh dong vong dong phan héa Wacker cua bd khung 2-alkenyl-1,3-
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dicarbonyl 122 sir dung phtrc Pd 1am xuc tac va Oz lam chit oxy hoa (So d6 1.59)
[9].

R%0
O o Pd(CH3CN),Cl, (5%mol) 0
R OR? NaOAc (1,0 equiv) R A
R
DMF, O, (1 atm) R4
4 3 O
RY™S" R 40°C, 24h
50-85%
67% 56% 60% 70%

So do 1.59. Tong hop 3-carbonylfuran tir cic alkene.

Gan day, Tang cong bd qua trinh tong hop cac furan da nhom thé 123 tir cac
a-haloketone 124 va monoketone 125 théng qua qué trinh ghép mach kém theo tach
hydrogen c6 mit titanium tetraisopropoxide Ti(Oi-Pr)s (So d6 1.60). Budc quan
trong ctia phan ung 1a sy tao thanh san pham trung gian 1,4-diketone ¢ dang enolate
dugc bén hoa boi phire titanium. Tuy nhién, trong diéu kién t6i wu ctia phan tGng, 2-
chloro-2-butanone va cac ketone nhu 3-pentanone va valerophenone khong tuong tac

véi nhau [79].

2
@ i Ti(0i-P R
lk/Rz * R)K(R (OFPDa I\g—m
R CI 80°C, 8h R~ O
56-83% 12
jl\/\>—Ph >—< E} I > < > [ > < >
Me
78% 83  Me 81% 79%

So do 1.60. Tong hop furan tir cac a-haloketone.
Mic du d3 c6 nhiéu cai tién, cac phan tng tong hop vong furan st dung Xuc
tac kim loai chuyén tiép van c6 nhugc diém thudng can dén cac nguyén lidu dit tién
nhu phéi tir, chit phu gia hay chét xtc tac c6 chira kim loai quy (Ag, Au, Pd...).

Ngoai ra, viéc ton dong kim loai ndng trong san pham ciing la mot van dé dang chu
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y, gy can trd khi 4p dung dé tong hop cac duoc chat do qua trinh tinh ché san phim
thu dugc sau phan ing khong don gian [23].

1.3.3 Cac phan &ng tao vong furan khong sir dung kim loai chuyén tiép

Mot hudng di ndi bat khac dé hinh thanh vong furan 1a théng qua cac phan
g oxy hoa khir voi sy ¢6 mit cia tac nhan oxy hoéa nhu iodine don chit ma khéng
can t6i cac hop chat cua kim loai chuyén tiép. Day 1a mot phuong phap tong hop doc
dao va hap dan bai tinh hiéu qua, don gian va nhanh gon.

Nam 1996, Knight va Bew da mé ta qua trinh vong héa iodo 5-endodig cua 3-
alkynyl-1,2-diol 126, dan dén sy hinh thanh cua cac 3-iodofuran 127 véi hiéu suét tir
trung binh dén t6t (So dd 1.61). San pham 127 thu dugc c6 chira nguyén tir iodine co
thé dé dang tham gia cic phan Gng ghép mach nhu phan tmg Sonogashira [10].

I

HO
— R2 |2, NaHCO3
R1 o | \ R2
MeCN,20°C =g

OH )
126 47-88% 127
| | | | |
)I\/\g—su )I\/\g—Ph JI\/\g—Bu JI\/\g—Ph JI\/\g—Ph
Me”~ © Me”~ © pn” O Ph” O  Meo,c~ ©
65% 88% 71% 60% 47%

So do 1.61. Tong hop cdc 3-iodofuran tir 3-alkynyl-1,2-diol.

R1OH I, (0,1 equiv) R
1,4-dioxane
R2 0K 101°C, 12-24 h 2~
128 58-90% 129
Ph Me Ph Cl O
| D—Me | D—Me | D—Me D—Me
LA et
90% 75% 82% | Me
64% 0 58%

So do 1.62. Tong hop cdc dan xudt ciia 2-metylfuran.
Phan tng trén d3 dugc Kumari phat trién dé diéu ché cac dan xuit mang hai

hodc ba nhom thé ciia 2-methylfuran 129 tir 1-popargyl-1,2-diol 128 ¢6 mit iodine
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trong 1,4-dioxane (So d6 1.62). Phan tng di qua cac qua trinh gdm vong hoa 5-exo-
trig, tach nudc va khir loai iodine hoa [78].

Nam 2005, Liu da nghién ctru kha nang vong hoa electrophile cua cac 2-(1-
alkynyl)-2-alken-1-one 130 véi cac nucleophile st dung iodine tao thanh iodofuran
131 (So dd 1.63). Phan tmg di qua ba budc gdm: (i) tao ion vong iodonium do tuong
tac cua ndi ba véi cation iodine; (ii) nguyén tir oxygen tin cong kiéu anti vao ion

vong; (iii) cong 1,4 ciia nucleophile vao lién két d6i tao thanh dan xuat furan [57].

o] R l, (1,1 equiv)
=Z .

KsPO,4 (1,1 equiv)

L + NuH -
~ CH2C|2, rt, 30 min
130
< M
94% 80% 99% 64% 9% 0%

So do 1.63. Tong hop cdc 3-iodofuran #r 2-(1-alkynyl)-2-alken-1-one.

Niam 2008, Liang thong bao vé phan tmg vong hoa iodo electrophilic cia cac
dan xuét propargyl oxirane 132 tao thanh cac 3-iodofuran 133. Phan tng dugc tién
hanh véi sy ¢6 mat cia iodine, NaHCO3 trong THF dat hi¢u suét khoang 72-98% (So
d6 1.64). Phan tmg ciing di qua su tao thanh ion vong idonium va su tdn cong kiéu

anti clia nguyén tir oxygen roi tach proton [110].

2
R l, (2 equiv) I

gz
o/ NaHCO; (2 equiv) mRZ
R! THF, rt, 2-5 h } R! o
mph omPh QI\/\g—Ph OI\/\g—Ph \E\g—Ph

95% 90% 98% 95% 85%

So do 1.64. Téng hop cdc 3-iodofuran tir oxirane.
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Phan Gmg vong hoéa iodo cuia enyne acetate lién hop 134 ciing dan dén sy hinh
thanh cua vong furan mang nhém iodine 135 v&i hiéu suat cao (So dd 1.38). Tuy
nhién, tic nhan enyne acetate ban dau can duogc tong hop théng qua phan tng ghép

mach xuc tac baoi palladium/copper [18].

R i
7 I> (3 equiv)
c MeOH, rt, 5 h R O
134 135
Me | Me
ﬁ [ ¥< e M M
o]
94% 94% 95% 86% |
| \ Ph
| \ [CHzlscHs | \
94% 78% 88% 98%

So do 1.65. Tong hop cdc 3-iodofuran tir enyne acetate.
Nam 2011, Yamamoto di béo céo vé qua trinh tong hop cac diiodofuran 137
xuét phat tir alkynone 136 str dung I» trong CH3OH (So do 1.66). Phan tng dién ra
qua su hinh thanh cation allene rdi cong nucleophile ndi phan tir dé tao thanh

diiodofurane 137 [113].
I I
HO _ (@) I, (3 equiv) jf\ng2
R’ R2 MeOH, rt, 5 h R O
137

!
|
w m jl\/\g—[CHZhCH3
o pn” O

83% 91% 63%
|
)\/\g’Ph m B cl
H3C[HCly H3C[H2Cl4 HsC[H,Cly” ©
89% 80% 88%

So do 1.66. Tong hop cdc diiodofuran tir alkynone.
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Nam 2019, nhom nghién ctru ctia Barrero dd nghién ciru phan tng tong hop
vong furan mét budc tr cac a-isopropylidene ketone nho sy c6 mat cua
iodine/DMSO (So d6 1.67). Phan tmg duoc dung dé tong hop mot sd terpene chira

vong furane cé hoat tinh sinh hoc [85].

_ 0 I, (0,2 equw). _ o}
DMSO (5 equiv) | //  Curzerene
N TN
60°C
83%
I, (0,5 equiv)
DMSO (30 equiv) C o
Linderazulene
A, toluene, 5 min /
21%

So do 1.67. Tong hop vong furan tir a-isopropylidene ketone.
Cac a-propargyl-p-ketoester 138 c6 thé chuyén thanh céac furan-3-carboxylate
139 mang nhom thé & vi tri C2 va C5 khi ¢6 mat I» & ngay nhiét do phong ma khdng
can dung méi (So dd 1.68). Co ché phan tmg cho thay su két hop cta iodine véi dang
tautomer enol cua chat ddu 1am tang tinh acid. Chat trung gian 1a Bronsted acid du
manh dé kich hoat su proton hoa cua alkene tao thanh carbocation. Hudng tao thanh

san pham ctia phan tmg s& duoc quyét dinh bai yéu td nhiét dong hoc [73].

0 R?
; l, (0,15 equiv) g
R JK(2\ % CO,R?
CO,R rt, 24 h e
139
O™\
=
0,Et CO,Et CO,Et
78% 71% 34%
0\ 0\ 0\
= = =
COzEt COZEt COan
70% 64% 65%

So do 1.68. Tong hop cdc furan-3-carboxylate tir a-propargyl-p-ketoester.
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Gan day, Yang sir dung hé 12/K2S,0s diéu hda phan ung tao ra furan da nhém
thé tir cac ethyl ketone va DMSO (So dd 1.69). Trong d6, DMSO thé hién vai trd lam

tién chat cung cap cac don vi oxygen, methyl, sulfur methyl [55].

| o)
O (I? |2, K2S208 S \ Ar
+ s > |
Ar)K/ -9\ 120°C, 8h A g %
62-82%
o}
S 3 Ph s/. R S
B b \
Ph O 'e) o o
S S cl
82% O 78% 0o 77%

So do 1.69. Tong hop cac furan-2-carboxylate six dung DMSO.

Nhu vay, trong khi cac cong bé vé tong hop vong furan sir dung iodine kha
phong phu thi cac nghién ciu twong tu sir dung tryc tiép luu huynh cho dén nay van
con rat han ché. So vai iodine thi Iwu huynh 12 nguyén liéu ré tién, dé thao tac hon
nhiéu. Cac furan da nhém thé c6 nhiéu tng dung da dang va phong pha trong san
xuat duoc pham, vat liéu théng minh... Nhu cau cua thi truong d6i véi cac hop chat
chaa vong furan ngay cang ting 1én [54]. Tuy nhién, yéu cau dbi voi cac phuong
phép tong hop ciing trg nén khit khe hon, dac biét 1a vé mat moi truong. Vi vay, viéc
tim kiém, nghién ciu céc phan ung tong hop vong furan sir dung luu huynh rat c6

tinh méi, dong thoi dem lai ¥ nghia thiét thuc ca vé Iy thuyét va thuc tién.
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CHUONG 2: THUC NGHIEM

Cac hoa chét (Ss, DMSO, DABCO ciling nhu cac base khéac, cac
benzoylacetonitrile 1.1, ethyl benzoylacetate 1.2, o-phenyldiamine 2.1,
phenylacetylene 2.2, deoxybenzoin 3.2 va cac chalcone 3.1) dugc mua tir cac san
pham thuong mai va sir dung truc tiép khong qua tinh ché thém.

Séc ky phan tich ban moéng (TLC) duwgc mua tir Merck KgaA (silica gel 60
F254). Hién thi sic ky d6 dugc thuc hién bang dén UV (254nm).

Séc ky co6t duoc thuc hién béng cach st dung hat silica gel kich thudc 35-70
um kieselgel (230-400 mesh).

Pho khdi lugng duoc do trén may X500R-QTOF (SCIEX) tai khoa Hoa hoc,
Pai hoc Khoa hoc Tu nhién — Pai hoc Quéc gia Ha Noi.

Pho cong hudng tir hat nhan duoc do trén may BrukerAdvance SO0MHz tai
khoa Hoéa hoc, Pai hoc Khoa hoc Tu nhién — Pai hoc Quéc gia Ha Noi1. B9 dich
chuyén hoa hoc NMR duoc bao céo theo (8) ppm so véi tetramethylsilane (TMS) voi
vét dung moi 1am tham chiéu ndi (CDCls, & 7,26 ppm ddi véi *H va § 77,0 ppm ddi
v6i 13C; (DMSO-ds, 5 2,50 ppm d6i véi H va § 39,5 ppm cho 13C).

Phé nhiéu xa tia X dugc do trén may Bruker APEXII CCD tai khoa Héa hoc,
Pai hoc Khoa hoc Tu nhién — Pai hoc Quéc gia Ha Noi.

2.1 Tong hep céc din xuat thiophene
2.1.1 Tong hep céc 2-aryl-3-cyanothiophene va 2-aminothiophene

Phurong phdp tong hop chung:

)
1 8
o o DABCO, 20 mol% Q_Sj\' (2 equiv)
+ —_——
= NC 3
Arzﬂ\/\Aﬂ %AP DMSO, 0,2 mL ] 4 A" gpoC, 16 h
1.1 1.2 80°C, 30-60 min A
(1 mmol, 1 equiv) (1,05 equiv) ’
1 C O
Ar 4 3 N Ar1 43 Ar3
O§/5Z_§2\Ar3 "o s/ \2
S NH,
Ar? Ar2 S
1.4 1.3

So do 2.1. Tong hop céc 2-aryl-3-cyanothiophene va 2-aminothiophene.
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Hdn hop gém chalcone 1.1 (1 mmol), benzoylacetonitrile 1.2 (1,05 mmol) va
DABCO (22 mg, 0,2 mmol) vdi DMSO (0,2 mL) trong dng phan tng 7-mL day kin
v6i ndp cao su duge dun noéng & 80°C khoang 30-60 min. Sau khi phan tng cong
Michael két thuc, thém sulfur (64 mg, 2 mmol) vao hén hop phan tng trong dng, day
kin dng lai mét 1an nira ma khong 1am gian doan qua trinh khudy rdi dun néng & 80°C
thém 16 h. Hon hop sau d6 dugc lam ngudi & nhiét do phong va tinh ché bang sic ki
cot trén silica gel (dung moi hexane/ethyl acetate tir 95/5 t&i 70/30).

(5-Amino-3-phenylthiophene-2,4-diyl)bis(phenylmethanone) (1.3a)

Chat ran vang nhat (57 mg, 15%). *H NMR (500 MHz, CDCls) & 7,28 (d, J =
7,3 Hz, 2H), 7,19 (d, J = 7,2 Hz, 2H), 7,11 (t, J = 7,4 Hz, 1H), 7,05 (t, J = 7,4 Hz,
1H), 6,95 (s, 2H-NH>), 6,92 (t, J = 7,7 Hz, 2H), 6,76 (d, J = 7,1 Hz, 2H), 6,67 (t, J =
7,4 Hz, 1H), 6,61 (t, J = 7,4 Hz, 2H). 3C NMR (126 MHz, CDCls) & 194,6, 190,2,
167,8, 147,3, 139,4, 138,3, 134,7, 133,6, 130,9, 130,9, 130,7, 130,1, 128,8, 128,6,
128,5, 127,4, 127,3, 127,1, 121,6, 118,3. HRMS m/z tinh cho [M+Na]":
C24H17NO2SNa: 406,0878. Tim thay 406,0883.

5-Benzoyl-2,4-diphenylthiophene-3-carbonitrile (1.4a)

A a

o. [/ \
a0
Chat rin vang nhat (222 mg, 61%). *H NMR (500 MHz, CDCl3) § 7,92 — 7,83

(m, 2H), 7,61 — 7,48 (m, 5H), 7,39 — 7,28 (m, 3H), 7,25 — 7,11 (m, 5H). 3C NMR
(126 MHz, CDCls) 5 188,9, 157.8, 1478, 137,7, 136,5, 132.,8, 132.,4, 130,8, 129.8,
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129,5, 129,0, 128,3, 128,1, 128,0, 115,1, 108,9. HRMS m/z tinh cho [M+Na]*:
C24H1sNOSNa: 388,0772. Tim thay 388,0776.
(5-Amino-3-(4-(trifluoromethyl)phenyl)thiophene-2,4-
diyl)bis(phenylmethanone) (1.3b)

Chét ran vang nhat (144 mg, 32%). *H NMR (500 MHz, CDCls3) & 7,29 — 7,22
(m, 2H), 7,18 — 7,14 (m, 3H), 7,11 (s, 2H-NH2), 7,06 (t, J = 7,4 Hz, 1H), 6,98 (t, J =
7,8 Hz, 2H), 6,92 (t, J = 7,7 Hz, 2H), 6,85 (s, 2H). *C NMR (126 MHz, CDCls) &
194,4, 189,7, 168,3, 145,7, 139,4, 138,5, 138,1, 131,2, 131,1, 130,9, 129,3, 129,0,
128,6, 128,3, 127,6, 127,5, 123,8, 123,8, 118,0. HRMS m/z tinh cho [M+Na]*:
CasHi16FsNO2SNa: 474,0752. Tim thay 474,0759.

5-Benzoyl-2-phenyl-4-(4-(trifluoromethyl)phenyl)thiophene-3-
carbonitrile (1.4b)

L o

o. / \
A
g
Chét ran vang nhat (264 mg, 61%). *H NMR (500 MHz, CDCls) & 7,87 (dd, J
= 6,6, 2,9 Hz, 2H), 7,64 — 7,53 (m, 5H), 7,49 (d, J = 8,2 Hz, 2H), 7,43 (d, J = 8,1 Hz,
2H), 7,39 (t, J = 7,5 Hz, 1H), 7,21 (t, J = 7,8 Hz, 2H). 3C NMR (126 MHz, CDCl3)
& 188,3, 158,1, 146,3, 138,3, 136,5, 136,0, 133,1, 131,1, 130,8, 130,5, 130,1, 129,6,
129,5, 129,5, 129,5, 129,4, 128,4, 128,3, 128,2, 128,1, 125,3, 125,3, 124,8, 122,6,
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114,8, 108,6. HRMS m/z tinh cho [M+Na]*: C2sH14FsNOSNa: 456,0646. Tim thay
456,0652.
(5-Amino-3-(2-nitrophenyl)thiophene-2,4-diyl)bis(phenylmethanone)
(1.3c)

Chét ran vang nhat (51 mg, 12%). *H NMR (500 MHz, CDCl3) § 7,49 (d, J =
8,0 Hz, 1H), 7,40 (d, J = 7,3 Hz, 2H), 7,23 (t, J = 7,5 Hz, 1H), 7,15 (d, J = 7,3 Hz,
2H), 7,09 (s, 2H-NH2), 7,09-7,05 (m, 3H), 6,98 (d, J = 7,8 Hz, 2H), 6,94 (t, J = 7,7
Hz, 2H). C NMR (126 MHz, CDClIs) 6 194,2, 189,6, 168,1, 139,7, 133,2, 132,5,
131,5,130,4,128,7,128,2,127,8, 127,5, 127,3, 124,2. HRMS m/z tinh cho [M+Na]*:
C24H16N204SNa: 451,0728. Tim thay 451,0733.
5-Benzoyl-4-(2-nitrophenyl)-2-phenylthiophene-3-carbonitrile (1.4c)

Cre
CN

o. J\
av
9
Chat ran vang nhat (250 mg, 61%). *H NMR (500 MHz, CDCl3) & 8,15 (dd, J

=78, 1,1 Hz, 1H), 7,89 — 7,85 (m, 2H), 7,71 — 7,65 (m, 2H), 7,58 — 7,48 (m, 6H),
7,44 (t,J =75 Hz, 1H), 7,33 (dd, J = 7,5, 1,3 Hz, 1H), 7,29 (t, J = 7,8 Hz, 2H). 13C
NMR (126 MHz, CDCls) & 187,4, 157.2, 147.9, 145,2, 137.5, 136,4, 1334, 133,0,
132,6, 131,1, 130,3, 130,3, 130,2, 130,0, 129,5, 129,3, 129,0, 128,5, 128,5, 1284,
128,0, 125,1, 114,2, 109,1. HRMS m/z tinh cho [M+Na]*: C24H14N203SNa:
433,0623. Tim thay 433,0629.
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(5-Amino-3-(4-methoxyphenyl)thiophene-2,4-diyl)bis(phenylmethanone)
(1.3d)

Chét rian vang nhat (136 mg, 33%). *H NMR (500 MHz, CDClz) & 7,32 (d, J
= 8,8 Hz, 2H), 7,20 (d, J = 7,2 Hz, 2H), 7,05 (t, J = 7,4 Hz, 1H), 6,93 (d, J = 7,7 Hz,
2H), 6,90 (s, 2H-NH2), 6,79 (d, J = 7,0 Hz, 2H), 6,71 (t, J = 7,3 Hz, 1H), 6,65 (t, J =
7,3 Hz, 2H), 6,47 (d, J = 8,8 Hz, 2H), 3,67 (s, 3H). *C NMR (126 MHz, CDCls) &
1945, 188,9, 167,2, 162,1, 146,2, 139,4, 135,0, 131,3, 130,8, 130,7, 128,7, 127,3,
127,2, 127,1, 1215, 118,1, 112,8, 55,3. HRMS m/z tinh cho [M+Na]":
C2sH1sNO3SNa 436,0983. Tim thay 436,0991.

5-Benzoyl-4-(4-methoxyphenyl)-2-phenylthiophene-3-carbonitrile
(1.4d)

L o

o. J \
v
9

Chét ran vang nhat (260 mg, 66%). *H NMR (500 MHz, CDCl3) & 7,91 — 7,80
(m, 2H), 7,61 (d, J = 8,8 Hz, 2H), 7,56 — 7,42 (m, 3H), 7,34 (dd, J = 6,2, 2,7 Hz, 2H),
7,29 — 7,17 (m, 4H), 6,67 (d, J = 8,8 Hz, 2H), 3,77 (s, 3H). 13C NMR (126 MHz,
CDCls) 6 187,3, 163,5, 157,0, 146,8, 137,9, 132,6, 132,2, 130,9, 130,7, 129,7, 1294,
129,2, 129,1, 128,9, 128,7, 128,4, 128,1, 115,3, 113,4, 108,5, 55,4. HRMS m/z tinh
cho [M+Na]*: C2sH17NO2,SNa 418,0878. Tim thiy 418,0884.
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(5-Amino-3-(4-bromophenyl)thiophene-2,4-diyl)bis(phenylmethanone)
(1.3e)

Chat ran vang nhat (60 mg, 13%). *H NMR (500 MHz, CDCl3) § 7,27 (d, J =
5,6 Hz, 2H), 7,21 (t, J = 7,5 Hz, 1H), 7,15 (t, J = 8,8 Hz, 2H), 7,02 (t, J = 7,8 Hz, 2H),
7,00-6,91 (m, 2H), 6,96 (s, 2H-NH2), 6,73 (d, J = 8,4 Hz, 2H), 6,60 (d, J = 8,4 Hz,
2H). 3C NMR (126 MHz, CDCls) § 194,4, 189,8, 167.9, 145,9, 139,3, 138,2, 133,8,
132,2,131,1, 130,8, 130,1, 128,7, 128,5, 127,6, 127,5, 121,7, 118,0. HRMS m/z tinh
cho [M+Na]*: C24H16BrNO,SNa 483,9983. Tim thay 483,9987.

5-Benzoyl-4-(4-bromophenyl)-2-phenylthiophene-3-carbonitrile
(1.4e)

D

o. [\
v
9
Chét ran vang nhat (274 mg, 62%). *H NMR (500 MHz, CDCls) & 7,86 (dd, J

= 6,5, 2,7 Hz, 2H), 7,58 (d, J = 7,4 Hz, 2H), 7,55 — 7,47 (m, 3H), 7,41 (t, J = 7,4 Hz,
1H), 7,35 (d, J = 8,4 Hz, 2H), 7,23 (t, J = 7,7 Hz, 2H), 7,18 (d, J = 8,4 Hz, 2H). 3C
NMR (126 MHz, CDCls) 5 188,5, 157,9, 146,6, 137,7, 136,5, 133,0, 131,6, 131,5,
131,4, 131,4, 131,3, 131,3, 131,2, 131,0, 130,6, 129,5, 129,5, 128,2, 128,1, 1236,
114,9, 108,6. HRMS m/z tinh cho [M+Na]*: C24H14BrNOSNa 465,9877. Tim thay
465,9882.
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5-Benzoyl-4-(4-hydroxyphenyl)-2-phenylthiophene-3-carbonitrile (1.4f)

A w

o U\
av
9

Chat ran vang nhat (297 mg, 78%). *H NMR (500 MHz, CDCls) & 7,86 (dd, J
= 6,4, 3,0 Hz, 2H), 7,58 (d, J = 7,3 Hz, 2H), 7,54 (dd, J = 5,0, 1,6 Hz, 3H), 7,37 (t, J
= 7,4 Hz, 1H), 7,20 (t, J = 7,8 Hz, 2H), 7,16 (d, J = 8,5 Hz, 1H), 6,63 (d, J = 8,5 Hz,
1H). *C NMR (126 MHz, CDCls) & 189,3, 158,0, 156,7, 148,0, 136,9, 136,5, 132,9,
131,3, 130,8, 129,6, 129,5, 128,1, 128,1, 124,6, 115,4, 108,7. HRMS m/z tinh cho
[M+Na]*: C2sH1sNO2SNa 404,0721. Tim thiy 404,0725.

(5-Amino-3-(naphthalen-1-yl)thiophene-2,4-diyl)bis(phenylmethanone)
(1.39)

Chat ran vang nhat (65 mg, 15%). *H NMR (500 MHz, CDCls) & 8,14 — 8,06
(m, 1H), 7,76 (d, J = 8,5 Hz, 1H), 7,61 (t, J = 7,2, 6,5 Hzi, 1H), 7,48 (t, J = 7,8 Hz,
2H), 7,41 — 7,34 (m, 2H), 7,28 (d, J = 6,9 Hz, 1H), 7,17 — 7,09 (m, 2H-NH2), 7,07 —
7,00 (m, 1H), 6,91 (dd, J = 6,0, 1,1 Hz, 1H), 6,85 (t, J = 7,7, 7,3 Hz, 1H), 6,83 — 6,79
(m, 1H), 6,78 — 6,70 (m, 1H), 6,59 (t, J = 7,8 Hz, 1H), 6,51 (t, J = 7,8 Hz, 1H). 13C
NMR (126 MHz, CDCls) & 195,4, 190,4, 170,8, 168,2, 145,4, 139,1, 138,4, 133,7,
132,8, 132,6, 132,4, 130,6, 130,2, 129,9, 129,9, 128,5, 128,3, 127,8, 127,7, 127,0,
126,7,126,3, 126,2, 125,3, 125,2, 124,0, 123,1, 118,8. HRMS m/z tinh cho [M+Na]*:
CasH19NO2SNa 456,1034. Tim thay 456,1038.
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5-Benzoyl-4-(naphthalen-1-yl)-2-phenylthiophene-3-carbonitrile (1.49)

Chét ran vang nhat (249 mg, 60%). *H NMR (500 MHz, CDCls3) & 7,99 — 7,89
(m, 2H), 7,75 — 7,70 (m, 2H), 7,68 (d, J = 8,1 Hz, 1H), 7,59 — 7,53 (m, 4H), 7,51 —
7,47 (m, 2H), 7,47 — 7,42 (m, 2H), 7,39 (d, J = 7,1 Hz, 1H), 7,34 — 7,29 (m, 4H), 7,09
(t, J = 6,9 Hz, 1H), 6,84 (t, J = 7,1 Hz, 2H). 3C NMR (126 MHz, CDCls) & 189,1,
158,0, 146,6, 139,5, 136,6, 133,3, 132,2, 131,8, 130,9, 130,8, 130,3, 129,7, 129,5,
128,6, 128,4, 128,1, 127,2, 126,9, 126,1, 124,8, 114,7, 110,2. HRMS m/z tinh cho
[M+Na]*: C2sH17NOSNa 438,0929. Tim thay 438,0935.

(5-Amino-4-benzoyl-3-phenylthiophen-2-yl)(4-fluorophenyl)methanone

Chat ran vang nhat (92 mg, 23%). *H NMR (500 MHz, CDCls) § 7,31 — 7,27
(m, 2H), 7,19 (d, J = 7,2 Hz, 2H), 7,06 (t, J = 7.4 Hz, 1H), 6,92 (s, 2H-NH2), 6,97 —
6,88 (m, 2H), 6,73 (dd, J = 12,4, 7,2 Hz, 3H), 6,66 — 6,63 (m, 2H), 6,61 (t, J = 7,7 Hz,
2H). 3C NMR (126 MHz, CDCls) 3 194,6, 188.7, 167,7, 165,1, 163.1, 147,2, 139,3,
134,7, 134,4, 131,3, 131,2, 130,9, 130,8, 128,6, 127,5, 127,3, 127,2, 121,5, 118,3,
114,5, 114,3. HRMS m/z tinh cho [M+Na]*: C24H1sFNO2SNa 424,0783. Tim thay
424,0791.
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5-(4-Fluorobenzoyl)-2,4-diphenylthiophene-3-carbonitrile (1.4h)
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Chét ran vang nhat (225 mg, 59%). *H NMR (500 MHz, CDCl3) & 7,91 — 7,83
(m, 2H), 7,58 (dd, J = 8,5, 5,4 Hz, 3H), 7,55 (d, J = 5,1 Hz, 3H), 7,31 — 7,27 (m, 3H),
7,25 - 7,19 (m, 3H), 6,83 (t, J = 8,5 Hz, 2H). 1*C NMR (126 MHz, CDCls) § 187,5,
166,3, 164,3, 158,0, 147,7, 137,5, 132,7, 132,3, 132,2, 132,1, 130,9, 130,7, 129,9,
129,8, 129,5, 129,4, 129,2, 129,0, 128,8, 128,4, 128,1, 127,9, 115,3, 115,1, 108,8.
HRMS m/z tinh cho [M+Na]*: C24H14FNOSNa 406,0678. Tim thay 406,0684.
(5-Amino-4-benzoyl-3-phenylthiophen-2-yl)(4-
methoxyphenyl)methanone (1.3i)

MeO

Chat ran vang nhat (66 mg, 15%). *H NMR (500 MHz, CDCl3) & 7,31 (d, J =
8,7 Hz, 1H), 7,19 (d, J = 7,6 Hz, 1H), 7,05 (t, J = 7,4 Hz, 1H), 7,00 (s, 2H-NH2), 6,91
(t, J = 7,6 Hz, 2H), 6,78 (d, J = 7,2 Hz, 2H), 6,70 (t, J = 7,2 Hz, 1H), 6,65 (t, J = 7,4
Hz, 2H), 6,46 (d, J = 8,7 Hz, 1H). 3C NMR (126 MHz, CDCl3) & 194,6, 189,0, 167,4,
162,0, 146,4, 139,4, 135,0, 131,3, 130,9, 130,7, 128,7, 127,3, 127,3, 127,2, 1214,
118,0, 112,8, 55,3. HRMS m/z tinh cho [M+Na]": C2sH1sNO3SNa 436,0983. Tim
thiy 436,0991.
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5-(4-Methoxybenzoyl)-2,4-diphenylthiophene-3-carbonitrile (1.41)
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Chét ran vang nhat (253 mg, 64%). 'H NMR (500 MHz, CDCls) § 7,94 — 7,84
(m, 3H), 7,63 (d, J = 8,8 Hz, 2H), 7,59 — 7,52 (m, 3H), 7,37 (dd, J = 6,5, 2,8 Hz, 3H),
7,30 — 7,21 (m, 4H), 6,69 (d, J = 8,8 Hz, 2H). *C NMR (126 MHz, CDCls) & 187,4,
163,5, 157,1, 146,8, 137,9, 132,6, 132,2, 130,9, 130,7, 129,7, 129,5, 129,1, 129,0,
128,4, 128,1, 115,3, 113,4, 108,55 555. HRMS m/z tinh cho [M+Na]™:
CasH17NO2SNa: 418,0878. Tim thay 418,0886.
(5-Amino-4-benzoyl-3-phenylthiophen-2-yl)(3-
(trifluoromethyl)phenyl)methanone (1.3j)

Chét ran vang nhat (104 mg, 22%). *H NMR (500 MHz, CDClz) & 7,47 (d, J
= 7,6 Hz, 1H), 7,39 (s, 1H), 7,32 (d, J = 7,8 Hz, 1H), 7,17 (d, J = 7,3 Hz, 2H), 7,11
(t, J = 7,8 Hz, 1H), 7,05 (t, J = 7,4 Hz, 1H), 7,01 (s, 2H-NH2), 6,91 (t, J = 7,7 Hz,
2H), 6,72 (d, J = 7,2 Hz, 2H), 6,66 (t, J = 7,4 Hz, 1H), 6,59 (t, J = 7,5 Hz, 2H). 13C
NMR (126 MHz, CDCls) & 194,6, 188,7, 168,3, 148,2, 139,2, 139,1, 134,2, 133,6,
131,6, 130,9, 130,2, 128,5, 128,1, 127,7, 127,3, 127,2, 125,6, 125,5, 118,4. HRMS
m/z tinh cho [M+Na]*: C2sH1sFsNO2SNa 474,0752. Tim thiy 474,0758.
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2,4-Diphenyl-5-(3-(trifluoromethyl)benzoyl)thiophene-3-carbonitrile
(1.4))
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Chat rin vang nhat (273 mg, 63%). *H NMR (500 MHz, CDCl3) § 7,85 — 7,78
(m, 2H), 7,66 (d, J = 7,7 Hz, 1H), 7,60 (s, 1H), 7,50 — 7,42 (m, 5H), 7,23 (t, J = 7,6
Hz, 2H), 7,20 — 7,14 (m, 3H), 7,10 (d, J = 6,0 Hz, 3H). 3C NMR (126 MHz, CDCls)
5 187,8, 158,8, 148,5, 137,3, 137,1, 132,5, 132,2, 132,0, 131,1, 130,6, 130,5, 130,3,
130,1, 130,0, 129,8, 129,7, 129,5, 129,4, 129,3, 129,1, 128,9, 128,9, 128,8, 128,7,
128,6, 128,5, 128,3, 128,2, 128,0, 127,9, 126,3, 126,2, 124,4, 114,9, 109,1. HRMS
m/z tinh cho [M+Na]*: CasH14FsNOSNa 456,0646. Tim thay 456,0652.

4-(5-Amino-4-benzoyl-3-phenylthiophene-2-carbonyl)benzonitrile

Chét ran vang nhat (41 mg, 10%). *H NMR (500 MHz, CDCl3) & 7,24 (d, J =
8,4 Hz, 3H), 7,19 (d, J = 8,4 Hz, 2H), 7,16 (d, J = 7,2 Hz, 2H), 7,07 (d, J = 7,4 Hz,
1H), 7,03 (s, 2H-NH2), 6,92 (t, J = 7,7 Hz, 2H), 6,73 (t, J = 7,4 Hz, 1H), 6,69 (d, J =
7,2 Hz, 2H), 6,60 (t, J = 7,6 Hz, 2H). 13C NMR (126 MHz, CDCls3) § 194,6, 1882,
168,7, 148,6, 142,3, 139,1, 134,2, 131,1, 130,9, 128,9, 128,5, 128,0, 127,4, 127,2,
118,1, 113,6. HRMS m/z tinh cho [M+Na]*: C2sH16N202SNa 431,0830. Tim théy
431,0838.
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5-(4-Cyanobenzoyl)-2,4-diphenylthiophene-3-carbonitrile (1.4k)
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Chét ran vang nhat (203 mg, 52%). *H NMR (500 MHz, CDCls3) & 7,83 — 7,78
(m, 2H), 7,50 — 7,43 (m, 7H), 7,33 (d, J = 8,4 Hz, 2H), 7,19 — 7,14 (m, 3H), 7,14 —
7,08 (m, 2H). *C NMR (126 MHz, CDCls) 6 187,6, 159,2, 148,8, 140,0, 137,1, 132,0,
131,6, 131,2, 130,5, 129,9, 129,6, 129,5, 128,5, 128,1, 117,7, 115,5, 114,7, 109,1.
HRMS m/z tinh cho [M+Na]*: C2sH14N2OSNa 413,0725. Tim thiy 413,0735.
(5-Amino-4-benzoyl-3-phenylthiophen-2-yl)(thiophen-2-yl)methanone

Chat ran vang nhat (66 mg, 17%). *H NMR (500 MHz, CDCl3) § 7,36 (d, J =
4,2 Hz, 1H), 7,23 (d, J = 7,2 Hz, 2H), 7,09 (t, J = 7,4 Hz, 1H), 7,01 (d, J = 3,0 Hz,
1H), 6,96 (d, J = 7,7 Hz, 2H), 6,93 (d, J = 6,4 Hz, 3H), 6,80 (dd, J = 11,0, 7,0 Hz,
4H), 6,77 (s, 2H-NH2), 6,66 — 6,62 (m, 1H). 3C NMR (126 MHz, CDCls) & 194,5,
181,0, 166,7, 146,2, 143,4, 139,4, 135,2, 133,5, 132,5, 130,8, 130,6, 128,7, 127,5,
127,4, 127,3, 127,1, 120,0, 118,1. HRMS m/z tinh cho [M+Na]*: C22H1sNO,S;Na
412,0442. Tim thay 412,0449.
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2,4-Diphenyl-5-(thiophene-2-carbonyl)thiophene-3-carbonitrile
(1.41)

Chat rin vang nhat (219 mg, 59%). *H NMR (500 MHz, CDCl3) § 7,91 — 7,82
(m, 2H), 7,61 — 7,50 (m, 4H), 7,49 — 7,43 (m, 2H), 7,38 — 7,30 (m, 4H), 6,86 (t, J =
4,4 Hz, 1H). 3C NMR (126 MHz, CDCls) § 179,9, 156,8, 147,0, 142,6, 136,5, 135,2,
135,1, 132,6, 130,8, 130,7, 129,7, 129,7, 129,6, 129,6, 129,5, 129,4, 129,4, 129,4,
129,2, 128,8, 128,8, 128,7, 128,6, 128,6, 128,6, 128,2, 127,9, 115,2, 108,8. HRMS
m/z tinh cho [M+Na]*: C22H13NOS,Na 394,0336. Tim thay 394,0339.

(2-Amino-4-(2-fluorophenyl)-5-(4-methoxybenzoyl)thiophen-3-
yD(phenyl)methanone (1.3m)
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MeO

Chét ran vang nhat (56 mg, 13%). *H NMR (500 MHz, CDCl3) § 7,38 (d, J =
8,8 Hz, 2H), 7,23 (d, J = 7,3 Hz, 2H), 7,07 (t, J = 7,4 Hz, 1H), 6,96 (t, J = 7,6 Hz,
2H), 6,89 (s, 2H-NH2), 6,77 (t, J = 7,4 Hz, 1H), 6,75 — 6,66 (m, 1H), 6,53 (d, J = 8,8
Hz, 2H), 6,31 (t, J = 9,0 Hz, 1H), 3,69 (s, 3H). 13C NMR (126 MHz, CDCls) & 194,3,
188,6, 167,4, 162,2, 159,7, 157,7, 139,3, 139,1, 132,3, 131,1, 130,7, 130,7, 129,9,
129,8, 1283, 127,2, 124,0, 123,8, 123,1, 123,1, 122,2, 117,4, 114,7, 114,5, 112,8,
55,3. HRMS m/z tinh cho [M+Na]*: C2sH1sFNO3sSNa 454,0889. Tim théy 454 ,0895.
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4-(2-Fluorophenyl)-5-(4-methoxybenzoyl)-2-phenylthiophene-3-

carbonitrile (1.4m)

MeO

Chat ran vang nhat (186 mg, 45%). 'H NMR (500 MHz, CDCls) & 7,87 (dd, J
=7,4,2,0Hz, 3H), 7,65 (d, J=8,8Hz, 2H), 7,58 - 7,48 (m, 4H), 7,32 (td,J = 7,5, 1,4
Hz, 2H), 7,26 (g, J = 7,2, 5,8 Hz, 2H), 7,08 (t, J = 7,6 Hz, 1H), 6,97 (t, J = 9,2 Hz,
1H), 6,72 (d, J = 8,8 Hz, 2H), 3,79 (s, 3H). 3C NMR (126 MHz, CDCls) § 186,7,
163,5, 160,3, 158,3, 157,0, 140,4, 139,0, 131,9, 131,4, 131,3, 131,2, 130,7, 130,5,
129,5, 129,2, 128,1, 124,3, 124,2, 121,0, 120,9, 115,9, 115,7, 114,7, 113,9, 113/4,
109,1, 55,5. HRMS m/z tinh cho [M+Na]*: CasHisFNO.SNa 436,0783. Tim thay
436,0788.

5-(4-Cyanobenzoyl)-4-(2-fluorophenyl)-2-phenylthiophene-3-

carbonitrile (1.4n)

Chét ran vang nhat (204 mg, 50%). *H NMR (500 MHz, CDCls3) & 7,90 — 7,85
(m, 2H), 7,62 (d, J = 8,3 Hz, 2H), 7,59 — 7,53 (m, 4H), 7,47 (d, J = 8,3 Hz, 2H), 7,28
(d, J =7,5Hz, 1H), 7,07 (t, J = 8,8 Hz, 1H), 6,88 (t, J = 9,0 Hz, 1H). 13C NMR (126
MHz, CDCls) & 187,0, 160,0, 159,1, 158,0, 141,9, 140,0, 132,0, 132,0, 131,8, 131,6,
131,4, 131,3, 131,2, 130,3, 129,6, 129,3, 128,1, 124,5, 124,4, 117,7, 115,9, 115,8,
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115,7, 114,3, 109,6. HRMS m/z tinh cho [M+Na]*: C2sH13FN2OSNa 431,0630. Tim
thay 431,0638.
4-(2-Fluorophenyl)-5-(3-nitrobenzoyl)-2-phenylthiophene-3-carbonitrile
(1.40)

O,N

Chét ran vang nhat (304 mg, 71%). 'H NMR (500 MHz, CDClz) & 8,28 (s,
1H), 8,17 (d, J = 8,2 Hz, 1H), 7,94 (d, J = 7,7 Hz, 1H), 7,89 (dd, J = 6,4, 2,9 Hz, 2H),
7,60—7,54 (m, 4H), 7,44 (t,J=7,9 Hz, 1H), 7,34 (t, )= 7,3 Hz, 1H), 7,19(q,J=7,0
Hz, 1H), 7,04 (t, J = 7,5 Hz, 1H), 6,82 (t, J = 9,1 Hz, 1H). C NMR (126 MHz,
CDCls) 6 186,1, 159,9, 159,3, 157,9, 147,2, 141,8, 138,0, 137,6, 134,4, 131,9, 131,9,
131,3, 131,2, 130,4, 129,6, 129,3, 128,1, 126,7, 124,5, 1245, 124,2, 120,5, 115,8,
115,6, 114,3. HRMS m/z tinh cho [M+Na]*: C2sH13FN203sSNa 451,0529. Tim théy
451,0536.

(5-Amino-4-benzoyl-3-(4-methoxyphenyl)thiophen-2-yl)(4-
methoxyphenyl)methanone (1.3p)
MeQ

MeO
Chét rin vang nhat (119 mg, 27%). *H NMR (500 MHz, CDClz) & 7,31 (d, J
=8,7 Hz, 2H), 7,19 (d, J = 7,3 Hz, 2H), 7,08 (t, = 7,4 Hz, 1H), 6,94 (t, J = 7,7 Hz,
3H), 6,67 (d, J = 8,6 Hz, 2H), 6,49 (d, J = 8,7 Hz, 2H), 6,18 (d, J = 8,6 Hz, 2H), 3,67
(s, 3H), 3,52 (s, 3H). 13C NMR (126 MHz, CDCl3) & 194,6, 189,0, 167,5, 162,0,
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158,7, 146,3, 139,5, 132,1, 131,3, 130,8, 130,6, 130,1, 128,9, 128,7, 128,4, 127,6,
127,3,121,0,118,0, 112,8, 55,3, 55,1. HRMS m/z tinh cho [M+Na]*: C26H21NO4SNa
466,1089. Tim thiy 466,1097.
5-(4-methoxybenzoyl)-4-(4-methoxyphenyl)-2-phenylthiophene-3-
carbonitrile (1.4p)
MeO

L

OO

MeO
Chét ran vang nhat (246 mg, 58%). 'H NMR (500 MHz, CDCls) § 7,91 — 7,84
(m, 3H), 7,65 (d, J = 8,8 Hz, 2H), 7,59 — 7,50 (m, 4H), 7,30 (d, J = 12,8 Hz, 2H), 6,80
(d,J=8,7 Hz, 2H), 6,72 (d, J = 8,8 Hz, 2H), 3,80 (s, 3H), 3,77 (s, 3H). *C NMR (126
MHz, CDClz) 6 187,5, 163,5, 160,1, 156,9, 146,6, 137,2, 132,2, 131,1, 131,0, 130,6,
130,3,129,4,129,1, 128,1, 125,0, 115,5, 114,0, 113,4, 108,6, 55,5, 55,3. HRMS m/z
tinh cho [M+Na]*: C26H1sNO3SNa 448,0983. Tim thay 448,0992.
(5-Amino-4-benzoyl-3-(4-isopropylphenyl)thiophen-2-yl)(3-
bromophenyl)methanone (1.3q)

Chat ran vang nhat (60 mg, 12%). *H NMR (500 MHz, CDCls) § 7,24 — 7,18
(m, 2H), 7,17 — 7,09 (m, 3H), 7,04 (s, 2H-NH2), 7,01 (d, J = 7,5 Hz, 1H), 6,88 (t, J =
8,0 Hz, 2H), 6,85 (t, J = 8,3 Hz, 1H), 6,60 (d, J = 8,0 Hz, 2H), 6,47 (d, J = 7,8 Hz,
2H), 2,51 (p, J = 6,9 Hz, 1H), 0,96 (d, J = 6,9 Hz, 6H). 3C NMR (126 MHz, CDCls)
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51948, 188,6, 168,6, 148,7, 148,2, 140,2, 139,4, 133,3, 131,9, 131,8, 130,8, 130,5,
128,9, 128,5, 127,2, 126,9, 125,2, 121,2, 118,2, 33,7, 23,4. HRMS m/z tinh cho
[M+Na]*: C27H22BrNO,SNa 526,0452. Tim thay 526,0460.
5-(3-Bromobenzoyl)-4-(4-isopropylphenyl)-2-phenylthiophene-3-
carbonitrile (1.4q)
Me
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Chét ran vang nhat (242 mg, 50%). *H NMR (500 MHz, CDCls) & 7,92 — 7,82
(m, 2H), 7,58 — 7,50 (m, 3H), 7,49 — 7,41 (m, 2H), 7,36 (dt, J = 8,0, 1,3 Hz, 1H), 7,16
(d, J=8,1Hz, 2H), 7,07 — 7,03 (m, 2H), 7,02 (d, J = 7,8 Hz, 1H), 2,80 (p, J = 6,9 Hz,
1H), 1,16 (d, J = 6,9 Hz, 6H). 3C NMR (126 MHz, CDCls) & 187,8, 158,7, 150,1,
148,9, 138,2, 137,4, 135,0, 132,5, 131,0, 130,8, 129,8, 129,6, 129,5, 129,5, 128,1,
1275, 126,5, 1218, 1151, 33,9, 23,6. HRMS m/z tinh cho [M+Na]*:
C27H20BrNOSNa 508,0347. Tim thay 508,0355.
(5-Amino-4-(4-chlorobenzoyl)-3-phenylthiophen-2-yl)(phenyl)methanone
(1.3r)

Chét rin vang nhat (62 mg, 15%). *H NMR (500 MHz, CDClz) & 7,28 (dd, J
= 6,9, 0,9 Hz, 2H), 7,13 (t, J = 7,4 Hz, 1H), 7,10 (d, J = 8,5 Hz, 2H), 7,01 (s, 2H-
NH2), 6,96 (t, J = 7,8 Hz, 2H), 6,87 (d, J = 8,4 Hz, 2H), 6,76 — 6,71 (m, 3H), 6,64 (t,
J=7,6 Hz, 2H). 13C NMR (126 MHz, CDCls) & 193,2, 190,1, 168,1, 146,9, 138,1,
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137,8, 136,7, 134,6, 131,1, 130,9, 129,9, 128,8, 127,5, 127,5, 127,4, 127,2, 121,8,
117,9. HRMS m/z tinh cho [M+Na]*: CaHisCINO.SNa 440,0488. Tim thay
440,0492.
5-Benzoyl-2-(4-chlorophenyl)-4-phenylthiophene-3-carbonitrile
(1.4r)

L o

Chét ran vang nhat (185 mg, 60%). 'H NMR (500 MHz, CDCls) & 7,87 — 7,78
(m, 2H), 7,60 — 7,54 (m, 2H), 7,54 — 7,49 (m, 2H), 7,34 (td, J = 7,6, 1,2 Hz, 1H), 7,31
~17,27 (m, 2H), 7,20 (dd, J = 5,1, 1,6 Hz, 3H), 7,17 (t, J = 7,8 Hz, 2H). 3C NMR (126
MHz, CDCls) & 188,8, 156,2, 147,8, 138,0, 137,1, 136,3, 132,9, 132,3, 129,8, 129,7,
129,5,129,3, 129,2, 129,1, 128,4, 128,0, 114,9, 109,1. HRMS m/z tinh cho [M+Na]*
C24H14CINOSNa: 422,0382. Tim thay 422,0393.

(5-Amino-4-(4-methylbenzoyl)-3-phenylthiophen-2-
yl)(phenyl)methanone (1.3s)

Chat ran vang nhat (59 mg, 15%). 'H NMR (500 MHz, CDCl3) & 7,28 (d, J =
7,8 Hz, 2H), 7,10 (d, J = 8,1 Hz, 3H), 6,95 (t, J = 7,7 Hz, 2H), 6,86 (s, 2H-NH?2), 6,76
(d,J =75 Hz, 2H), 6,71 (d, J = 8,0 Hz, 2H), 6,68 (d, J = 7,6 Hz, 1H), 6,61 (t, J = 7,6
Hz, 2H), 2,12 (s, 3H). 13C NMR (126 MHz, CDCls) & 194,4, 190,2, 167,3, 147,5,
141,3, 138,3, 136,5, 134,8, 130,9, 130,9, 128,9, 128,0, 127,4, 127,2, 127,0, 121,6,
118,6, 21,3. HRMS m/z tinh cho [M+Na]*: C2sH1sNO,SNa 420,1034. Tim thiy
420,1041.
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5-Benzoyl-4-phenyl-2-(p-tolyl)thiophene-3-carbonitrile (1.4s)

L o

B

Chét rin vang nhat (238 mg, 63%). *H NMR (500 MHz, CDClz) & 7,78 (d, J
= 8,2 Hz, 2H), 7,56 (dd, J = 8,2, 1,1 Hz, 2H), 7,37 — 7,32 (m, 3H), 7,32 — 7,28 (m,
3H), 7,20 (dt, J = 6,0, 3,2 Hz, 3H), 7,16 (t, J = 7,8 Hz, 2H), 2,44 (s, 3H). 1*C NMR
(126 MHz, CDCls) 6 189,0, 147,9, 147,9, 141,4, 141,4, 137,2, 137,2, 136,6, 136,6,
132,7, 132,5, 130,2, 129,8, 129,5, 129,0, 128,3, 128,0, 128,0, 128,0, 115,3, 115,3,
108,4, 108,4, 21,5. HRMS m/z tinh cho [M+Na]*: C2sH17NOSNa 402,0929. Tim thiy
402,0936.

(5-Amino-4-(4-methoxybenzoyl)-3-phenylthiophen-2-
yl)(phenyl)methanone (1.3t)

Chét ran vang nhat (70 mg, 17%). *H NMR (500 MHz, CDClz) & 7,29 (dd, J
=8,2, 1,2 Hz, 2H), 7,23 (dt, J = 8,8, 2,8, 1,9 Hz, 2H), 7,12 (it, J = 7,3, 1,2 Hz, 1H),
6,96 (t, J = 7,8 Hz, 1H), 6,81 — 6,75 (m, 2H), 6,75 — 6,69 (m, 1H), 6,65 (t, J = 7,4 Hz,
2H), 6,59 (s, 2H-NH2), 6,43 (dt, J = 8,9, 3,0, 2,0 Hz, 2H), 3,65 (s, 3H). 13C NMR
(126 MHz, CDCls) 6 193,2, 190,1, 166,5, 161,9, 147,2, 138,3, 134,9, 131,8, 131,1,
130,9, 130,8, 128,9, 127,4, 127,1, 121,7, 118,8, 112,7, 55,2. HRMS m/z tinh cho
[M+Na]*: C2sH1sNO3SNa 436,0983. Tim thiy 436,0992.
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5-Benzoyl-2-(4-methoxyphenyl)-4-phenylthiophene-3-carbonitrile
(1.41)

A

/ \
S OMe

Chét ran vang nhat (257 mg, 65%). *H NMR (500 MHz, CDClz) § 7,85 (dt, J
=8,9, 2,9, 2,1 Hz, 2H), 7,55 (dd, J = 8,2, 1,2 Hz, 2H), 7,32 (t, J = 7,4 Hz, 1H), 7,28
(dd, J = 6,6, 3,0 Hz, 3H), 7,22 — 7,18 (m, 3H), 7,15 (t, J = 7,8 Hz, 2H), 7,05 (dt, J =
8,8,3,1,2,1 Hz, 2H), 3,89 (s, 3H). *°C NMR (126 MHz, CDCls3) 5 189,0, 161,7, 158,1,
148,0, 136,6, 132,6, 132,6, 129,8, 129,6, 129,4, 128,9, 128,3, 127,9, 123,3, 115,5,
114,9, 107,8, 55,5. HRMS m/z tinh cho [M+Na]*: C2sH17NO2SNa 418,0878. Tim
thay 418,0885.

(5-Amino-4-(3-nitrobenzoyl)-3-phenylthiophen-2-yl)(phenyl)methanone

(1.3u)

Chat ran vang nhat (43 mg, 10%). *H NMR (500 MHz, CDClz) & 7,88 (ddd, J
=8,2,2,4,1,2 Hz, 1H), 7,82 (t, J = 2,0 Hz, 1H), 7,59 (dt, J = 7,7, 1,3 Hz, 1H), 7,23 —
7,14 (m, 3H), 7,14 — 7,08 (m, 1H), 6,96 (t, J = 7,8 Hz, 2H), 6,81 — 6,73 (m, 2H), 6,70
— 6,62 (m, 1H), 6,59 (dd, J = 8,1, 6,6 Hz, 2H). 13C NMR (126 MHz, CDCls3) 5 191,5,
189,9, 169,1, 146,6, 146,2, 140,7, 138,0, 134,5, 133,8, 131,1, 130,8, 128,7, 128,6,
1278, 127,4, 127,3, 1248, 123,9, 117,2. HRMS m/z tinh cho [M+Na]*:
C24H16N204SNa 451,0728. Tim thay 451,0732.
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5-Benzoyl-2-(3-nitrophenyl)-4-phenylthiophene-3-carbonitrile
(1.4u)

2 o

o. [/ \
=
CJ

Chét ran vang nhat (172 mg, 42%). *H NMR (500 MHz, CDCl3) & 8,68 (t, J

= 2,0 Hz, 1H), 8,39 (ddd, J = 8,3, 2,2, 1,0 Hz, 1H), 8,23 (ddd, J = 7,8, 1,8, 1,0 Hz,

1H), 7,77 (t, J = 8,0 Hz, 1H), 7,65 — 7,51 (m, 2H), 7,40 — 7,34 (m, 1H), 7,33 — 7,29

(m, 2H), 7,25 — 7,15 (m, 5H). 1*C NMR (126 MHz, CDCls) & 188,6, 153,9, 148,8,

147,7, 139,1, 136,1, 133,7, 133,1, 132,4, 131,9, 130,7, 129,7, 129,5, 129,3, 128,5,

128,1, 125,1, 123,2, 114,5, 110,4. HRMS m/z tinh cho [M+Na]*: C2sH14N203sSNa
433,0623. Tim thay 433,0631.

(5-Amino-4-(3-chlorobenzoyl)-3-phenylthiophen-2-

NO,

yl)(phenyl)methanone (1.3v)

Chat ran vang nhat (50 mg, 12%). *H NMR (500 MHz, CDCl3) & 7,28 (d, J =
9,3 Hz, 1H), 7,13 — 7,08 (m, 3H), 7,04 (s, 3H), 7,02 — 6,98 (m, 2H), 6,96 (t, J = 7,6
Hz, 2H-NHy), 6,88 (t, J = 7,8 Hz, 1H), 6,78 — 6,73 (m, 2H), 6,70 (d, J = 6,8 Hz, 1H),
6,68 (d, J = 7,7 Hz, 2H). 13C NMR (126 MHz, CDCls) § 192,9, 190,1, 168,4, 147,0,
140,9, 138,1, 134,6, 133,2, 131,0, 130,6, 130,5, 128,9, 128,8, 128,8, 127,6, 127 4,
127,2, 126,4, 1219, 117,8. HRMS m/z tinh cho [M+Na]*: C2sH1sCINO2SNa
440,0488. Tim thay 440,0497.
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5-Benzoyl-2-(3-chlorophenyl)-4-phenylthiophene-3-carbonitrile (1.4v)

L o

o. U\
av
O
Chét rin vang nhat (179 mg, 45%). *H NMR (500 MHz, CDClz) & 7,82 (d, J
= 1,8 Hz, 1H), 7,78 (dt, J = 6,8, 1,7 Hz, 1H), 7,60 — 7,54 (m, 2H), 7,52 — 7,46 (m,
2H), 7,35 (t, J = 7,4 Hz, 1H), 7,29 (dd, J = 6,6, 2,9 Hz, 2H), 7,21 (dd, J = 4,8, 1,7 Hz,
3H), 7,17 (t, J = 7,8 Hz, 2H). 3C NMR (126 MHz, CDCls) & 188,8, 155,6, 147,8,
138,3, 136,3, 135,5, 132,9, 132,4, 132,2, 130,8, 130,7, 129,7, 129,5, 129,1, 128,4,
128,2, 128,0, 126,3, 114,7, 109,5. HRMS m/z tinh cho [M+Na]*: C24H14CINOSNa
422,0382. Tim thay 422,0385.
(5-Amino-4-(3-chlorobenzoyl)-3-(3-methoxyphenyl)thiophen-2-yl)(4-

Cl

methoxyphenyl) methanone (1.3x)

MeO

Chat ran vang nhat (86 mg, 18%). 'H NMR (500 MHz, CDCl3) & 7,35 (d, J =
8,8 Hz, 2H), 7,15 (dt, J = 7,7, 1,3 Hz, 1H), 7,07 (t, = 1,8 Hz, 1H), 7,03 (dt, J = 8,0,
1,4 Hz, 1H), 6,96 (s, 2H-NH2), 6,93 (t, J = 7,8 Hz, 1H), 6,64 (t, J = 7,7 Hz, 1H), 6,53
— 6,45 (m, 2H), 6,41 (d, J = 7,7 Hz, 1H), 6,30 (d, J = 8,4 Hz, 2H), 3,69 (s, 3H), 3,50
(s, 3H). 3C NMR (126 MHz, CDCls) & 192,8, 188,8, 167,8, 162,2, 158,6, 145,5,
141,1, 136,1, 133,1, 131,1, 130,7, 130,5, 128,7, 128,5, 126,1, 123,4, 1156, 114,1,
112,8, 55,3, 55,0. HRMS m/z tinh cho [M+Na]*: C2sH20CINO4SNa: 500,0699. Tim
thiy 500,0705.
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2-(3-chlorophenyl)-5-(4-methoxybenzoyl)-4-(3-
methoxyphenyl)thiophene-3-carbonitrile (1.4x)

MeO O
CN

o / \

av
G
MeO
Chat ran vang nhat (192 mg, 42%). 'H NMR (500 MHz, CDCls) & 7,81 (d, J
= 2,2 Hz, 1H), 7,79 — 7,72 (m, 1H), 7,62 (d, J = 8,6 Hz, 2H), 7,55 — 7,41 (m, 2H),
7,17 (t,J=7,9 Hz, 1H), 6,94 (d, J = 7,4 Hz, 1H), 6,84 (t, J = 1,9 Hz, 1H), 6,79 (dd, J
=8,2, 2,5 Hz, 1H), 6,70 (d, J = 8,6 Hz, 2H), 3,79 (s, 3H), 3,71 (s, 3H). 13C NMR (126
MHz, CDCls) & 187,2, 163,7, 159,4, 154,9, 146,4, 135,4, 133,5, 132,5, 132,1, 130,7,
129,6, 129,0, 128,2, 126,3, 122,1, 115,3, 114,9, 114,9, 113,5, 55,5, 55,3. HRMS m/z
tinh cho [M+Na]*: C2sH1sCINOsSNa: 482,0594. Tim thay 482,0599.
(5-Amino-3-(3-methoxyphenyl)thiophene-2,4-diyl)bis((4-
methoxyphenyl)methanone) (1.3y)

Cl

MeO

Chat ran vang nhat (76 mg, 16%). *H NMR (500 MHz, CDCl3) & 7,35 (d, J =
8,6 Hz, 2H), 7,26 (d, J = 9,1 Hz), 6,67 (s, 1H), 6,63 (t, 1H), 6,50 (s, 2H-NH2), 6,46
(d, J = 8,8 Hz, 2H), 6,34 (s, 1H), 6,31 (dd, J = 8,2, 2,3 Hz, 1H), 3,69 (s, 3H), 3,66 (s,
3H), 3,48 (s, 3H). 3C NMR (126 MHz, CDCls) & 193,2, 188,9, 166,1, 161,9, 158,4,
145,9, 136,3, 132,0, 131,8, 131,4, 131,2, 130,9, 130,9, 129,8, 128,4, 123,7, 116,0,
113,8,112,8, 112,6, 55,3, 55,3, 55,1. HRMS m/z tinh cho [M+Na]*: C27H23NOsSNa:
496,1195. Tim thay 496,1203.
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5-(4-methoxybenzoyl)-4-(3-methoxyphenyl)-2-(4-
methoxyphenyl)thiophene-3-carbonitrile (1.4y)

MeO O
CN

o. [/ \
S
OMe
CJ

MeO

Chat ran vang nhat (282 mg, 62%). 'H NMR (500 MHz, CDCls) & 7,82 (d, J
= 8,6 Hz, 2H), 7,61 (d, J = 8,6 Hz, 2H), 7,15 (t, J = 7,9 Hz, 1H), 7,04 (d, J = 8,6 Hz,
2H), 6,94 (d, J = 7,3 Hz, 1H), 6,82 (s, 1H), 6,77 (d, J = 8,3 Hz, 1H), 6,67 (d, J = 8,6
Hz, 2H), 3,89 (s, 2H), 3,78 (s, 2H), 3,70 (s, 2H). **C NMR (126 MHz, CDCls) §
187,5, 163,4, 161,6, 159,3, 157,3, 146,6, 137,0, 133,8, 132,0, 129,6, 129,5, 129,3,
123,4,122,2,115,6, 115,1, 115,0, 114,8, 113,3, 107,4, 77,3, 55,5, 55,5, 55,3. HRMS
m/z tinh cho [M+Na]*: C27H21NO4SNa: 478,1089. Tim thay 478,1095.

(5-Amino-4-(4-methoxybenzoyl)-3-(p-tolyl)thiophen-2-
yD)(phenyl)methanone (1.3z)

Chat ran vang nhat (68 mg, 16%). 'H NMR (500 MHz, CDCl3) & 7,28 (d, J =
7,5 Hz, 2H), 7,23 (d, J = 8,7 Hz, 2H), 7,13 (d, J = 7,4 Hz, 1H), 6,97 (t, J = 7,7 Hz,
2H), 6,64 (d, J = 7,9 Hz, 2H), 6,59 (s, 2H-NH2), 6,44 (d, J = 8,4 Hz, 4H), 3,66 (s,
3H), 1,97 (s, 3H). 3C NMR (126 MHz, CDCls) & 193,3, 190,1, 166,6, 161,9, 147,6,
138,4, 137,1, 131,9, 131,8, 131,1, 130,7, 130,6, 128,9, 127,7, 127,3, 121,4, 118,38,
112,6, 55,3, 20,8. HRMS m/z tinh cho [M+Na]*: C26H21NO3sSNa 450,1140. Tim théy
450,1148.
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5-Benzoyl-2-(4-methoxyphenyl)-4-(p-tolyl)thiophene-3-carbonitrile
(1.42)

Chat ran vang nhat (245 mg, 60%). *H NMR (500 MHz, CDCls) & 7,84 (d, J
= 8,7 Hz, 2H), 7,56 (d, J = 7,5 Hz, 2H), 7,34 (t, J = 7,4 Hz, 1H), 7,22 — 7,12 (m, 4H),
7,04 (d, J = 8,7 Hz, 2H), 6,99 (d, J = 7,9 Hz, 2H), 3,88 (s, 3H), 2,24 (s, 3H). 3C NMR
(126 MHz, CDCls) 6 189,1, 161,7, 157,9, 148,3, 138,9, 136,7, 136,3, 132,5, 129,7,
129,6, 129,6, 129,5, 129,0, 127,9, 123,4, 115,6, 114,9, 107,9, 55,5, 21,2. HRMS m/z
tinh cho [M+Na]*: C26H19NO2SNa: 432,1034.

2.1.2 Tong hop céc ethyl thiophene-3-carboxylate

Phurong phdp tong hop chung:

Sg
1
0 o) DABCO, 20 mol% Q_S/(iozEt (2 equiv)
= * EtO,C — ]
ArZJ\/\AH 2 \)J\Ph DMSO,02mL ] g " so-120°C
1.1 1.5 80 °C, 30 min ' A3 16 h

(1 mmol, 1 equiv) (1,05 equiv)
Arl , 5 CO,Et

%ﬂ )
S Ph

Ar?

1.6
So do 2.2. Tong hop céc ethyl thiophene-3-carboxylate.

Hdn hop gom chalcone 1.1 (1 mmol), ethyl benzoylacetate 1.5 (2,2 mg; 1,05
mmol) va DABCO (22 mg; 0,2 mmol) vdi DMSO (0,2 mL) trong dng phan tng 7
mL day kin véi ndp cao su duoc dun néng & khoang 80-120°C. Sau khi phan tng
cong Michael két thiic, thém sulfur (64 mg, 2 mmol) vao hén hop phan tng trong
ong, day kin dng phan ung lai mot 1an nita ma khong 1am gian doan qué trinh khudy

roi dun néng & 80-120°C thém 16 h. Hon hop sau d6 duoc lam ngudi vé nhiét do
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phong va tinh ché bang séc ki cot vdi silica gel (hexane:ethyl acetate 95:5 téi 70:30)
thu duoc san pham 1.6 1a chat ran mau vang nhat.

Ethyl 5-benzoyl-2,4-diphenylthiophene-3-carboxylate (1.6a)

O CO,Et

o. / \
av
g

Chét ran vang nhat (268 mg, 65%). 'H NMR (500 MHz, CDCls) & 7,62 — 7,56
(m, 5H), 7,44 (dd, J = 5,0, 1,7 Hz, 4H), 7,33 (t, J = 7,4 Hz, 1H), 7,23 - 7,09 (m, 10H),
4,00 (g, J = 7,1 Hz, 2H), 0,88 (t, J = 7,1 Hz, 3H). 3C NMR (126 MHz, CDCls) 3
189,6, 165,1, 149,5, 145,8, 137,5, 134,7, 1334, 132,8, 132,4, 132,3, 130,4, 129,9,
129,7, 129,6, 129,5, 129,3, 129,2, 128,8, 128,7, 128,3, 128,0, 127,9, 127,8, 127,8,
127,7,127,5, 61,3, 13,5. HRMS m/z tinh cho [M+Na]*: C26H200sSNa 435,1031. Tim
thay 435,1039.

Ethyl 5-(4-fluorobenzoyl)-2,4-diphenylthiophene-3-carboxylate
(1.6b)

O CO,Et

OO

L

Chat rin vang nhat (228 mg, 53%). *H NMR (500 MHz, CDClz) 7,68 — 7,53
(m, 6H), 7,49 — 7,39 (m, 4H), 7,23 — 7,06 (m, 6H), 6,83 (t, J = 8,6 Hz, 2H), 4,00 (q, J
=7,1Hz, 2H), 0,88 (t, J = 7,1 Hz, 3H). 13C NMR (126 MHz, CDCl3) & 188,19, 166,086,
164,54, 149,65, 145,62, 137,41, 134,52, 133,65, 132,06, 129,59, 129,40, 128,83,
128,75, 128,07, 127,87, 114,96, 61,38, 13,48. HRMS m/z tinh cho [M+Na]*:
CasH19FO3SNa 453,0937. Tim thiy 453,0944.
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Ethyl 2,4-diphenyl-5-(3-(trifluoromethyl)benzoyl)thiophene-3-
carboxylate (1.6¢)

O CO,Et

o [\
av
CF3 O
Chat ran vang nhat (288 mg, 60%). *H NMR (500 MHz, CDCls) & 7,66 (d, J
=7,8 Hz, 1H), 7,62 (s, 1H), 7,57 — 7,50 (m, 2H), 7,43 (d, J = 7,8 Hz, 1H), 7,40 — 7,32
(m, 3H), 7,21 (t, J = 7,8 Hz, 1H), 7,11 — 7,04 (m, 2H), 7,01 (d, J = 5,2 Hz, 3H), 3,91
(q,J =7,1Hz, 2H), 0,79 (t, J = 7,1 Hz, 3H). 3C NMR (126 MHz, CDCls) § 188,5,
164,9, 150,7, 146,3, 138,0, 137,3, 134,2, 132,5, 132,3, 132,2, 130,3, 130,0, 129,7,
129,5, 128,8, 128,8, 128,5, 128,4, 128,4, 128,2, 127,9, 126,2, 126,2, 61,4, 13,5.
HRMS m/z tinh cho [M+Na]*: C27H1sF30sSNa 503,0905. Tim thay 503,0909.
Ethyl 5-(4-cyanobenzoyl)-2,4-diphenylthiophene-3-carboxylate
(1.6d)

O CO,Et

o. J \
a0
9
NC
Chét ran vang nhat (449 mg, 47%). *H NMR (500 MHz, CDCls3) & 7,63 — 7,57

(m, 2H), 7,55 (d, J = 8,2 Hz, 2H), 7,49 — 7,43 (m, 3H), 7,39 (d, J = 8,3 Hz, 2H), 7,19
— 7,03 (m, 5H), 4,00 (q, J = 7,1 Hz, 2H), 0,86 (t, J = 7,1 Hz, 3H).1*C NMR (126 MHz,
CDCl3) 5 188,3, 164,8, 151,2, 146,6, 141,1, 137,1, 134,1, 133,6, 132,6, 132,1, 131,5,
130,1,129,7,129,7,129,4, 128,8, 128,8, 128,4, 128,1, 127,9, 117,9, 115,0, 61,5, 13,5.
HRMS m/z tinh cho [M+Na]*: C27H1sNO3SNa 460,0983. Tim thay 460,0987.
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Ethyl 5-benzoyl-2-phenyl-4-(4-(trifluoromethyl)phenyl)thiophene-3-
carboxylate (1.6e)
CF3

O CO,Et

o [\
av
G

Chét ran vang nhat (360 mg, 75%). *H NMR (500 MHz, CDCls) & 7,63 — 7,56
(m, 5H), 7,48 — 7,42 (m, 6H), 7,38 (t, J = 7,5 Hz, 1H), 7,35 (d, J = 8,1 Hz, 2H), 7,22
(t, 3 =77 Hz, 2H), 3,98 (g, J = 7,1 Hz, 2H), 0,88 (t, J = 7,1 Hz, 3H). 13C NMR (126
MHz, CDCls) 8 189,0, 164,5, 150,5, 144,5, 138,5, 137,9, 137,6, 132,6, 132,2, 131,9,
130,1, 130,0, 129,9, 129,8, 129,5, 129,3, 129,0, 128,9, 128,8, 128,6, 128,3, 128,0,
124,7, 124.,6, 61,4, 13,4. HRMS m/z tinh cho [M+Na]*: C27H19F303SNa 503,0905.
Tim thay 503,0912.

Ethyl 5-(4-cyanobenzoyl)-4-(2-fluorophenyl)-2-phenylthiophene-3-
carboxylate (1.6f)

Chét rin vang nhat (286 mg, 63%). *H NMR (500 MHz, CDClz) & 7,62 (d, J
= 8,2 Hz, 2H), 7,57 (dd, J = 6,2, 2,7 Hz, 2H), 7,50 — 7,39 (m, 8H), 7,21 — 7,15 (m,
1H), 7,09 (t, J = 7,4 Hz, 1H), 6,92 (t, J = 7,5 Hz, 1H), 6,84 (t, J = 9,1 Hz, 1H), 3,99
(9, J = 7,1 Hz, 2H), 0,87 (t, J = 7,1 Hz, 3H). 3C NMR (126 MHz, CDCls) & 187,9,
163,8, 160,3, 152,8, 141,1, 140,1, 132,2, 131,6, 130,7, 130,7, 129,7, 129,2, 129,1,
128,6, 123,8, 123,8, 117,9, 115,2, 115,2, 115,1, 61,3, 13,4. HRMS m/z tinh cho
[M+Na]*: C27H1sFNO3SNa 478,0889. Tim thiy 478,0897.

86



Ethyl 4-(2-fluorophenyl)-5-(4-nitrobenzoyl)-2-phenylthiophene-3-
carboxylate (1.69)

Chat ran vang nhat (294 mg, 62%). 'H NMR (500 MHz, CDCls) & 8,01 (d, J
= 8,7 Hz, 2H), 7,67 (d, J = 8,6 Hz, 2H), 7,57 (dd, J = 6,1, 2,6 Hz, 3H), 7,51 — 7,38
(m, 4H), 7,20 — 7,12 (m, 1H), 7,10 (t, J = 7,5 Hz, 1H), 6,92 (t, J = 7,4 Hz, 1H), 6,83
(t, J=9,0 Hz, 1H), 4,00 (q, J = 7,1 Hz, 2H), 0,87 (t, J = 7,1 Hz, 3H). 1*C NMR (126
MHz, CDCls) & 187,7, 163,8, 160,3, 158,3, 153,1, 149,3, 142,8, 140,3, 137,9, 133,7,
132,1, 131,9, 131,6, 130,7, 130,7, 130,2, 129,7, 129,1, 128,7, 128,5, 123,8, 123,8,
1229, 122,8, 122,6, 115,3, 115,1, 61,3, 13,4. HRMS m/z tinh cho [M+Na]*:
Ca26H1sFNOsSNa 498,0787. Tim théy 498,0792.

Ethyl 4-(2-fluorophenyl)-5-(3-nitrobenzoyl)-2-phenylthiophene-3-
carboxylate (1.6h)

O,N

Chat ran vang nhat (290 mg, 61%). *H NMR (500 MHz, CDCls) & 8,31 (s,

1H), 8,15 (d, J = 8,2 Hz, 1H), 7,94 (d, J = 7,7 Hz, 1H), 7,60 (dd, J = 6,1, 2,5 Hz, 3H),
7,54 — 7,45 (m, 4H), 7,43 (t, J = 7,9 Hz, 1H), 7,16 (t, J = 7,4 Hz, 1H), 7,13 - 7,07 (m,
1H), 6,91 (t, J = 7,5 Hz, 1H), 6,81 (t, J = 9,0 Hz, 1H), 4,02 (g, J = 7,1 Hz, 2H), 0,89
(t, J = 7,1 Hz, 3H). 13C NMR (126 MHz, CDCls) & 187,0, 163,8, 160,2, 158,3, 153,0,
147,2, 140,0, 138,6, 137,9, 134,3, 133,6, 132,2, 131,9, 131,5, 130,7, 130,6, 130,1,
129,7, 129,2, 129,1, 128,6, 128,6, 128,5, 126,3, 124,1, 123,8, 123,8, 122,8, 122,7,
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115,2, 115,0, 61,3, 13,4. HRMS m/z tinh cho [M+Na]*: C26H1sFNOsSNa 498,0787.
Tim thay 498,0791.

Ethyl 5-benzoyl-4-(4-hydroxyphenyl)-2-phenylthiophene-3-carboxylate
(1.6i)

Chat ran vang nhat (197 mg, 46%). 'H NMR (500 MHz, CDCls) & 7,62 (d, J
=7,5Hz, 2H), 7,57 (dd, J = 6,5, 2,7 Hz, 3H), 7,50 — 7,41 (m, 4H), 7,37 (t, J = 7,4 Hz,
1H), 7,21 (t, J = 7,7 Hz, 2H), 7,04 (d, J = 8,4 Hz, 2H), 6,54 (d, J = 8,5 Hz, 2H), 4,04
(9, J = 7,1 Hz, 2H), 0,94 (t, J = 7,1 Hz, 3H). 13C NMR (126 MHz, CDCls) & 190,0,
165,6, 155,8, 149,5, 146,0, 137,6, 136,8, 132,4, 130,9, 129,6, 129,3, 128,7, 128,5,
127,9, 126,6, 114,9, 61,6, 13,6. HRMS m/z tinh cho [M+Na]*: CasH2004SNa
451,0980. Tim thay 451,0987.

Ethyl 2,4-diphenyl-5-(thiophene-2-carbonyl)thiophene-3-carboxylate
(1.6))

Chét ran vang nhat (290 mg, 61%). *H NMR (500 MHz, CDCls) & 7,50 (dd, J
= 6,4, 2,9 Hz, 2H), 7,46 (d, J = 4,9 Hz, 1H), 7,40 (d, J = 5,3 Hz, 1H), 7,38 — 7,28 (m,
3H), 7,27 — 7,22 (m, 3H), 7,21 — 7,12 (m, 5H), 6,83 — 6,78 (m, 1H), 3,93 (g, J = 7,1
Hz, 1H), 0,80 (t, J = 7,1 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 180,3, 165,1, 148,4,
145,3, 143,7, 136,0, 134,8, 134,3, 132,3, 129,4, 129,3, 128,9, 128,7, 128,1, 128,0,
128,0, 127,9, 127,9, 127,8, 127,7, 61,4, 13,5. HRMS m/z tinh cho [M+Na]*:
C24H1803S2Na 441,0595. Tim thay 441,0598.
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2.2 Tong hep cac 3-arylquinoxaline-2-thione

Phwong phdp tong hop chung:

NH, Sg (1.5 mmol) H
LY DABCO (0.2 equiv) SN
R + 1_h
L AN N
NH, Ar DMSO (0.2 mL) N
80°C, 16 h
2.1 2.2 2.3

So do 2.3. Tong hep céc dan xudt quinoxaline.

Lan luot cho o-phenyldiamine 2.1 (1,2 mmol; 1,2 equiv), sulfur (1,5 mmol),
phenylacetylene 2.2 (1,0 mmol; 1,0 equiv), DMSO (0,2 mL) va DABCO (0,2 mmol)
vao 6ng phan tng 10 mL rdi ddy chit bang nat cao su. Pun néng hén hop ¢ 80°C
trong 16 h. Hon hop dugc dé ngudi vé nhiét d6 phong réi cho thém 3 mL MeOH. San
pham 2.3 ¢ dang két tia mau vang duoc loc va rira 3 1an, mdi 1an 2 mL MeOH/CH.Cl,
(ti 1& 1/9) rdi 1am khé trong chan khéng.

3-phenylquinoxaline-2(1H)-thione (2.3aa)

ol

Chat rin mau vang (181 mg, 76%). 'H NMR (500 MHz, DMSO-d6) & 14,5 (s,
1H), 7,88 — 7,86 (m, 1H), 7,86 — 7,80 (m, 2H), 7,65 (td, J = 7,7, 7,1, 1,4 Hz, 1H), 7,60
(dd, J=8,3, 1,4 Hz, 1H), 7,49 — 7,40 (m, 4H). 3C NMR (126 MHz, CDCls) & 179,6,
165,4, 143,8, 140,6, 137,1, 136,4, 134,7, 134,6, 134,3, 134,0, 133,9, 132,4, 131,1,
120,8. HRMS m/z: tinh cho [M+H]* C14aH11N2S: 239,0643; tim théy 239,0646.
3-(p-tolyl)quinoxaline-2(1H)-thione (2.3ab)

Me
O
N S
H

Chat rin mau vang (192 mg, 76%). *H NMR (500 MHz, DMSO) & 14,5 (s,
1H), 7,9 (dd, J = 8,1, 1,3 Hz, 1H), 7,8 (d, J = 8,2 Hz, 2H), 7,7 — 7,6 (m, 1H), 7,6 (dd,
J=84,15Hz, 1H),7,5-7,4 (m, 1H), 7,3 (dd, J = 8,1, 2,0 Hz, 2H), 2,4 (s, 3H). 13C
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NMR (126 MHz, DMSO) & 174,9, 160,5, 139,3, 136,1, 135,9, 132,2, 131,4, 129.9
(2C), 129,2,128,2 (2C), 126,3, 116,0, 21,5. HRMS m/z: tinh cho [M+H]* C1sH13N>S:
253,0799; tim thy 253,0803.

3-(m-tolyl)quinoxaline-2(1H)-thione (2.3ac)

@[\ "
N S
H

Chat ran mau vang nhat (159 mg, 63%). *H NMR (500 MHz, DMSO) & 14,5
(s,1H), 7,9 (dd,J =81, 1,3 Hz, 1H), 7,7 - 7,6 (m, 2H), 7,6 — 7,6 (m, 2H), 7,5 (ddd,
J=8.3,7,0,1,4Hz, 1H), 7,3 (t, J = 7,6 Hz, 1H), 7,3 (d, J = 7,6 Hz, 1H), 2,4 (s, 3H).
13C NMR (126 MHz, DMSO) § 174,8, 160,8, 139,0, 136,8, 135,9, 132,2, 131,6,
130,3, 130,2, 129,2, 127,5, 127,1, 126,3, 116,1, 21,5. HRMS m/z: tinh cho [M+H]*
C1sH13N2S: 253,0799; tim thay 253,0803.

3-(4-pentylphenyl)quinoxaline-2(1H)-thione (2.3ad)

oo

Chat ran mau vang nhat (209 mg, 68%). *H NMR (500 MHz, DMSO) & 14,5
(s, 1H), 7,9 (dd, J = 8,2, 1,3 Hz, 1H), 7,8 (d, J = 8,0 Hz, 2H), 7,6 (td, J = 7,6, 6,9, 1,4
Hz, 1H), 7,6 (dd, J = 8,3, 1,5 Hz, 1H), 7,5 (ddd, J = 8,4, 7,1, 1,5 Hz, 1H), 7,3 (d, J =
8,0 Hz, 2H), 2,6 (t, J = 7,7 Hz, 2H), 1,6 (9, J = 7,5 Hz, 2H), 1,3 (qd, J = 8,1, 7,4, 3,3
Hz, 4H), 0,9 (t, J = 6,8 Hz, 3H). 3C NMR (126 MHz, DMSO) § 174,8, 160,4, 1442,
136,4, 135,9, 132,2, 131,5, 130,0 (2C), 129,1, 127,6 (2C), 126,3, 116,0, 35,5, 31,4,
31,0, 22,4, 14,4. HRMS m/z: tinh cho [M+H]* CioH21N,S: 309,1425; tim thay
309,1431.

3-(4-methoxyphenyl)quinoxaline-2(1H)-thione (2.3ae)

OMe
>
N S
H
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Chat ran mau vang nhat (219 mg, 82%). *H NMR (500 MHz, DMSO) & 14,5
(s, 1H), 8,0 — 7,9 (m, 2H), 7,9 (dd, J = 8,1, 1,3 Hz, 1H), 7,7 - 7,5 (m, 2H), 7,5 - 7,4
(m, 1H), 7,1 - 6,9 (m, 2H), 3,8 (s, 3H). *C NMR (126 MHz, DMSO) 6 174,8, 160,7,
159,7, 136,0, 132,0, 131,8 (2C), 131,2, 131,1, 129,1, 126,3, 116,0, 113,0 (2C), 55,7.
HRMS m/z: tinh cho [M+H]* C15H13N20S: 269,0749; tim thiy 269,0751.
3-(3-methoxyphenyl)quinoxaline-2(1H)-thione (2.3af)

N

@ \I : OMe
N S
H

Chat ran mau vang nhat (198 mg, 74%). *H NMR (500 MHz, DMSO) & 14,5
(s,1H), 7,9 (dd, J=8,1, 1,4 Hz, 1H), 7,7 (ddd, J = 8,4, 7,0, 1,4 Hz, 1H), 7,6 (dd, J =
8,3,1,4Hz, 1H),7,5(ddd, J=8,3,7,0, 1,5 Hz, 1H), 7,4 - 7,4 (m, 2H), 7,4 (t, J = 7,8
Hz, 1H), 7,0 (ddd, J = 8,0, 2,6, 1,2 Hz, 1H), 3,8 (s, 3H). $3C NMR (126 MHz, DMSO)
§ 174,7, 160,4, 158.7, 140,2, 135.8, 132,3, 131,6, 129,2, 128,8, 126,3, 122,3, 116,1,
115,7, 115,1, 55,6. HRMS m/z: tinh cho [M+H]* C15H13N20S: 269,0749; tim théy
269,0753.

3-(2-methoxyphenyl)quinoxaline-2(1H)-thione (2.3ag)

MeO
N\
@mﬁ?
Chat rin mau vang nhat (245 mg, 91%). *H NMR (500 MHz, DMSO) § 14,4
(s, 1H), 7,8 (dd, J = 8,2, 1,4 Hz, 1H), 7,7 (ddd, J = 8,4, 7,1, 1,4 Hz, 1H), 7,6 (dd, J =
8,4, 1,4 Hz, 1H), 7,5 (ddd, J = 8,4, 7,1, 1,4 Hz, 1H), 7,4 (ddd, J = 8,3, 7,4, 1,8 Hz,
1H), 7,2 (dd, J = 7,4, 1,8 Hz, 1H), 7,1 (dd, J = 8,4, 0,9 Hz, 1H), 7,0 (td, J = 7,4, 1,0
Hz, 1H), 3,7 (s, 3H). 3C NMR (126 MHz, DMSO) § 175,8, 161,9, 157,2, 135,53,

132,4, 131,6, 130,3, 129,8, 129,2, 129,1, 126,1, 120,5, 116,1, 111,8, 56,0. HRMS
m/z: tinh cho [M+H]* C1sH13N20S: 269,0749; tim thay 269,0755.
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3-(4-fluorophenyl)quinoxaline-2(1H)-thione (2.3ah)

F
L
N~ ~S
H

Chat ran mau vang nhat (224 mg, 88%). *H NMR (500 MHz, DMSO) & 14,5
(s,1H),8,0-7,9(m, 2H), 7,9 (dd, J=8,2, 1,3 Hz, 1H), 7,7 (ddd, J = 8,4, 7,0, 1,4 Hz,
1H), 7,6 (dd, J = 8,3, 1,4 Hz, 1H), 7,5 (ddd, J = 8,4, 7,1, 1,4 Hz, 1H), 7,3 — 7,2 (m,
2H). *C NMR (126 MHz, DMSO-ds) 6 174,7, 163,0 (d, J = 246,6 Hz), 159,6, 135,9,
135,3,135,3,132,4 (d, J =8,2 Hz), 131,7, 129,2, 126,4, 116,1, 114,6 (d, J = 21,6 Hz).
HRMS m/z: tinh cho [M+H]" C14H10FN,S: 257,0549; tim théy 257,0552.

3-(4-chlorophenyl)guinoxaline-2(1H)-thione (2.3ai)

Cl
L,
N S
H

Chat rin mau vang nhat (260 mg, 96%). *H NMR (500 MHz, DMSO-dg) &
14,6 (s, 1H), 7,9 (dd, J = 8,6, 5,4 Hz, 2H), 7,9 (d, J = 8,8 Hz, 1H), 7,7 (t, J = 7,6 Hz,
1H), 7,6 (dd, J = 8,3, 1,3 Hz, 1H), 7,5 (d, J = 8,5 Hz, 2H), 7,5 (dd, J = 8,1, 6,6 Hz,
1H). 8C NMR (126 MHz, DMSO) § 174,5, 159,5, 137,7, 135,9, 134,4, 132,4 (3C),
131,8, 129,3, 127,8 (2C), 126,4, 116,1. HRMS m/z: tinh cho [M+H]* C14H10CIN,S:
245,0428; tim thay 245,0431.
3-(3-chlorophenyl)quinoxaline-2(1H)-thione (2.3aj)

©:\ :
N S
H

Chat ran mau vang nhat (193 mg, 71%). *H NMR (500 MHz, DMSO) & 14,6
(s, 1H), 7,9 (dd, J = 7,8, 1,6 Hz, 2H), 7,8 (dt, J = 7,6, 1,5 Hz, 1H), 7,7 (ddd, J = 8,4,
7,0, 1,4 Hz, 1H), 7,6 (dd, J = 8,2, 1,4 Hz, 1H), 7,6 — 7,4 (m, 3H). 3C NMR (126
MHz, DMSO0) § 174,5, 159,3, 140,9, 1358, 132,5, 132,4, 132,0, 129,7, 129,6, 1294,
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129,4,128,6, 126,4, 116,2. HRMS m/z: tinh cho [M+H]* C14H10CIN,S: 277,0253; tim
thay 277,0256.
3-(4-bromophenyl)quinoxaline-2(1H)-thione (2.3ak)

Br
e
N S
H

Chat ran mau vang nhat (260 mg, 82%). *H NMR (500 MHz, DMSO) & 14,6
(s, 1H), 7,9 (dd, J = 8,2, 1,3 Hz, 1H), 7,8 (d, J = 8,5 Hz, 2H), 7,7 (t, J = 8,3 Hz, 3H),
7,6 -7,6 (m, 1H), 7,5 (td, J = 7,6, 6,8, 1,5 Hz, 1H). *C NMR (126 MHz, DMSO) &
1745, 159,6, 138,1, 135,9, 132,4, 132,1 (2C), 131,9, 130,7 (2C), 129,3, 126,4, 123,1,
116,2. HRMS m/z: tinh cho [M+H]* C14H10BrN2S: 316,9748; tim théy 316,9752.
3-(4-(trifluoromethyl)phenyl)quinoxaline-2(1H)-thione (2.3al)

CF;
%
N S
H

Chat ran mau vang (197 mg, 64%). 'H NMR (500 MHz, DMSO) & 14,6 (s,
1H), 8,0 (d, J = 8,1 Hz, 2H), 7,9 (dd, J = 8,2, 1,3 Hz, 1H), 7,8 (d, J = 8,1 Hz, 2H), 7,7
(ddd, J = 8,4, 7,1, 1,4 Hz, 1H), 7,6 (dd, J = 8,3, 1,4 Hz, 1H), 7,5 (ddd, J = 8,4, 7,1,
1,3 Hz, 1H). 3C NMR (126 MHz, DMSO) § 174,4, 159.6, 143,0, 135,9, 132,6, 132,1,
130,7 (2C), 129,8, 129,5, 129,4, 126,5, 124,7, 124,7, 116,2. HRMS m/z: tinh cho
[M+H]* C1sH10F3sN2S: 307,0517; tim thdy 307,0521.
Methyl 4-(3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3am)

COOMe
L,
N S
H

Chat ran mau da cam (196 mg, 66%). *H NMR (500 MHz, DMSO) & 14.6 (s,
1H), 8,0 (d, J = 8,5 Hz, 2H), 8,0 (d, J = 8,3 Hz, 2H), 7,9 (dd, J = 8,1, 1,3 Hz, 1H), 7,7
(ddd, J = 8,3, 7,1, 1,4 Hz, 1H), 7,6 (dd, J = 8,4, 1,3 Hz, 1H), 7,5 (ddd, J = 8,3, 7,1,
1,4 Hz, 1H), 3,9 (s, 3H). 13C NMR (126 MHz, DMSO) § 174,5, 166,4, 160,0, 143,6,
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135,9, 132,5, 132,1, 130,4, 130,3 (2C), 129,4, 128,6 (2C), 126,5, 116,2, 52,7. HRMS
m/z: tinh cho [M+H]* C1sH13sN20,S: 297,0698; tim thay 297,0706.
Methyl 3-(3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3an)

N

@ \fij\coowle
N~ °S
H

Chat ran da cam (216 mg, 73%). *H NMR (500 MHz, DMSO) & 14,6 (s, 1H),
8,5(tJ=18Hz 1H),8,2(d,J=7,8Hz, 1H),8,0(d, J=7,8 Hz, 1H), 7,9 (d, J=8,2
Hz, 1H), 7,7 (ddd, J =8,5, 7,1, 1,4 Hz, 1H), 7,6 (s, 1H), 7,6 (d, J = 7,8 Hz, 1H), 7,5
(ddd, J = 8,4, 7,1, 1,4 Hz, 1H), 3,9 (s, 3H). 13C NMR (126 MHz, DMSO) & 174,5,
166,5, 159,7, 139,4, 135,9, 134,7, 132,5, 131,9, 130,7, 130,2, 129,3, 129,2, 128,3,
126,4, 116,2, 52,7. HRMS m/z: tinh cho [M+H]* C1sH13N202S: 297,0698; tim thiy
297,0704.

4-(3-Thioxo-3,4-dihydroquinoxalin-2-yl)benzonitrile (2.3a0)

CN
S
N S
H

Chat ran mau vang nhat (170 mg, 65%). *H NMR (500 MHz, DMSO) § 14,6
(s, 1H), 8,0 (d, J = 8,3 Hz, 2H), 8,0 — 7,9 (m, 3H), 7,7 — 7,7 (m, 1H), 7,7 — 7,6 (m,
1H), 7,5 — 7,5 (m, 1H). 3C NMR (126 MHz, DMSO) & 174.3, 159,4, 143,6, 135,9,
132,6, 132,2, 131,8, 130,8, 129,4, 126,5, 119,2, 116,2, 112,0. HRMS m/z: tinh cho
[M+H]* C1sH10N3S: 264,0595; tim thay 264,0599.
3-(pyridin-3-yl)quinoxaline-2(1H)-thione (2.3ap)

7

N N
e

N~ S

H

Chat ran mau da cam (168 mg, 70%). *H NMR (500 MHz, DMSO) & 9,0 (s,
1H), 8,6 (d, J = 4,8 Hz, 1H), 8,3 (dd, J = 175,4, 7,8 Hz, 1H), 7,9 (d, J = 8,1 Hz, 1H),
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7,7 (ddt,J=51,4,27,1,7,6 Hz, 1H), 7,6 (dd, J = 35,8, 8,4 Hz, 1H), 7,5 - 7,4 (m, 2H).
13C NMR (126 MHz, DMSO) § 174,7, 158,6, 150,2, 150,1, 137,4, 136,0, 134,9,
132,5, 132,0, 129,4, 126,5, 122,8, 116,2. HRMS m/z: tinh cho [M+H]* C13H10NsS:
240,0595; tim thay 240,0598.
6,7-dimethyl-3-(p-tolyl)quinoxaline-2(1H)-thione (2.3bb)
Me

Chat rin mau vang nhat (230 mg, 82%). 'H NMR (500 MHz, DMSO-ds) &
14,37 (s, 1H), 7,79 (d, J = 8,4 Hz, 3H), 7,65 (s, 1H), 7,35 (s, 1H), 7,23 (d, J = 8,1 Hz,
4H), 2,37 (s, 3H), 2,36 (s, 3H), 2,32 (s, 3H). 13C NMR (126 MHz, DMSO) & 173,7,
159,4, 1415, 139,0, 136,3, 135,7, 134,8, 130,5, 130,0 (2C), 128,8, 128,2 (2C), 115,8,
21,5, 20,5, 19,7. HRMS m/z: tinh cho [M+H]* Ci7H17N2S: 281,1112; tim théy
281,1114.
6,7-dimethyl-3-(m-tolyl)quinoxaline-2(1H)-thione (2.3bc)

MeI;[N\ Me
Me ” S
Chat ran mau vang nhat (160 mg, 58%). *H NMR (500 MHz, DMSO) & 14,4
(s, 1H), 7,8 = 7,5 (m, 3H), 7,3 (s, 1H), 7,3 (t, I = 7,6 Hz, 1H), 7,2 (d, J = 7,6 Hz, 1H),
2,4 (d, J = 5,9 Hz, 6H), 2,3 (s, 3H). 3C NMR (126 MHz, DMSO) § 173,7, 159,7,
141,6, 139,2, 136,7, 135,7, 134,7, 130,6, 130,4, 130,0, 128,8, 127,5, 127,2, 115,8,
21,5, 20,5, 19,7. HRMS m/z: tinh cho [M+H]* Ci7H17N,S: 281,1112; tim thiy
281,1114.
6,7-dimethyl-3-(4-pentylphenyl)quinoxaline-2(1H)-thione (2.3bd)

. NI@/\/\/
oS
Me N S
H
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Chat rin mau vang nhat. 'H NMR (500 MHz, DMSO-ds) & 14,37 (s, 1H), 7,80
(d, J = 8,5 Hz, 2H), 7,65 (s, 1H), 7,36 (s, 1H), 7,24 (d, J = 8,0 Hz, 2H), 2,63 (t, J =
7,7 Hz, 2H), 2,36 (s, 3H), 2,33 (s, 3H), 1,62 (p, J = 7,4 Hz, 2H), 1,38 — 1,25 (m, 4H),
0,88 (t, J = 6,6 Hz, 3H). 3C NMR (126 MHz, DMSO) & 173,7, 159,4, 143,9, 1415,
136,6, 135,7, 134,8, 130,5, 130,0 (2C), 128,8, 127,5 (2C), 115,8, 35,5, 31,4, 31,0,
20,5, 19,7, 14,4. HRMS m/z: tinh cho[M+H]* CaiHasN2S, 337,1738; tim thay
337,1745.

3-(4-methoxyphenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3be)

OMe
Me N\
Meﬁm S
Chat ran mau vang nhat (240 mg, 81%). *H NMR (500 MHz, DMSO) & 14,4
(s, 1H), 7,9 (dd, J = 9,1, 2,4 Hz, 2H), 7,6 (s, 1H), 7,4 (s, 1H), 7,0 — 6,9 (m, 2H), 3,8
(s, 3H), 2,3 (d, J = 15,7 Hz, 6H). 13C NMR (126 MHz, DMSO) & 173,7, 160,5, 158,7,
141,3, 135,7, 134,8, 131,7 (2C), 131,4, 130,4, 128,7, 115,7, 112,9 (2C), 55,7, 20,5,
19,7. HRMS m/z: tinh cho [M+H]* C17H17N,0S: 297,0162; tim thiy 297,0166.
3-(3-methoxyphenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bf)

MteiN\ OMe
Me H S
Chat rin mau vang nhat (212 mg, 71%). *H NMR (500 MHz, DMSO) & 14,3

(s, 1H), 7,6 (s, 1H), 7,4 (td, J = 7,8, 1,8 Hz, 1H), 7,4 (s, 1H), 7,2 (dd, J = 7,4, 1,8 Hz,
1H), 7,1 (d, J = 8,3 Hz, 1H), 7,0 (t, J = 7,4 Hz, 1H), 3,7 (s, 3H), 2,3 (d, J = 22,4 Hz,
6H). 13C NMR (126 MHz, DMSO) & 174,8, 160,7, 157.2, 141,5, 135,4, 134,3, 130,7,
130,1, 129,9, 129,4, 128,8, 120,4, 115,8, 111,8, 56,0, 20,5, 19,7. HRMS m/z: tinh cho
[M+H]* C17H17N20S: 297,0162; tim thay 297,0167.
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3-(2-methoxyphenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bg)
MeO
Me Nf@
Me:©:” s
Chét ran mau vang nhat (203 mg, 69%). 'H NMR (500 MHz, DMSO) § 14,4
(s,1H), 7,6 (s, 1H), 7,4 — 7,4 (m, 2H), 7,4 - 7,3 (m, 2H), 7,0 (ddd, J =8,1, 2,7, 1,1
Hz, 1H), 3,8 (s, 3H), 2,3 (d, J = 18,3 Hz, 6H). 13C NMR (126 MHz, DMSO) § 173.6,
159,3, 158,7, 141,7, 140,4, 135,7, 134,6, 130,6, 128,8, 128,7, 122,3, 115,8, 115,7,
115,0, 55,6, 20,5, 19,7. HRMS m/z: tinh cho [M+H]* C17H17N20S: 297,0162; tim

thay 297,0169.
3-(4-fluorophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bh)

E
Me Ny
Me:©:u s
Chat ran mau vang nhat (258 mg, 91%). *H NMR (500 MHz, DMSO) § 14,4
(s, 1H), 8,1 — 7,8 (m, 2H), 7,7 (s, 1H), 7,4 (s, 1H), 7,3 - 7,2 (m, 2H), 2,3 (d, J = 18,1
Hz, 6H). 13C NMR (126 MHz, DMSO-ds) & 173,5, 162,9 (d, J = 246,5 Hz), 158,5,
141,8, 135,8, 135,5, 134,7, 132,3 (d, J = 8,4 Hz) (2C), 130,7, 128,8, 115,8, 114,5 (d,
J=21,6 Hz) (2C), 20,5, 19,7.
3-(4-chlorophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bi)

Cl
Me N\I@/
Mejc[m S
Chat rin mau vang nhat (266 mg, 88%). 'H NMR (500 MHz, DMSO-ds) &
14,5 (s, 1H), 8,0 (d, J = 8,3 Hz, 2H), 7,9 (d, J = 8,3 Hz, 2H), 7,7 (s, 1H), 7,4 (s, 1H),
2,4 (s, 3H), 2,3 (s, 3H). 13C NMR (126 MHz, DMSO) & 173,1, 158,2, 143,7, 142.5,

136,0, 134,7, 131,7 (2C), 130,8 (2C), 129,0, 119,2, 115,9, 111,8, 20,6, 19,7. HRMS
m/z: tinh cho [M+H]* C1sH1CIN,S: 301,0566; tim thay 301,0572.
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3-(3-chlorophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bj)

MeI:[N\ -
Me N“7s

Chat ran mau vang nhat (210 mg, 70%). *H NMR (500 MHz, DMSO) & 14,5
(s,1H), 7,9 (t, J=19Hz, 1H), 7,8 (dt, J=7,5, 1,5 Hz, 1H), 7,7 (s, 1H), 7,6 — 7,4 (m,
2H), 7,4 (s, 1H), 2,3 (d, J = 19,8 Hz, 6H). 3C NMR (126 MHz, DMSO) § 173,3,
158,1, 142,2, 141,1, 135,9, 134,7, 132,3, 130,8, 129,7, 129,7, 129,2, 128,9, 128,7,
115,8, 20,5, 19,7. HRMS m/z: tinh cho [M+H]" C16H14CIN>S: 301,0566; tim théy
301,0571.

3-(4-bromophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bk)

Br
Me N\
LY,
Chat rin mau vang nhat (310 mg, 91%). *H NMR (500 MHz, DMSO-dg) &
14,4 (s, 1H), 7,8 (d, J = 8,5 Hz, 1H), 7,7 (s, 1H), 7,6 (d, J = 8,4 Hz, 1H), 7,4 (s, 1H),
2,4 (s, 3H), 2,3 (s, 3H). 13C NMR (126 MHz, DMSO) & 173,3, 158,5, 142,0, 138,3,
135,9, 134,7, 132,1 (2C), 130,8, 130,7 (2C), 128,9, 122,9, 115,9, 20,5, 19,7. HRMS
m/z: tinh cho [M+H]* C1sH1BrN2S: 345,0061; tim thiy 345,0066.
6,7-dimethyl-3-(4-(trifluoromethyl)phenyl)quinoxaline-2(1H)-thione (2.3bl)

CF;
Me NI©/
T

Me N S
H

Chat ran mau vang nhat (170 mg, 51%). *H NMR (500 MHz, DMSO) & 14,5
(s, 1H), 8,0 (d, J = 8,1 Hz, 2H), 7,8 (d, J = 8,2 Hz, 2H), 7,7 (s, 1H), 7,4 (s, 1H), 2,4
(d, J = 21,0 Hz, 6H). 3C NMR (126 MHz, DMSO) & 173,3, 158.5, 143,2, 142,4,
136,0, 134,7, 130,9, 130,7 (2C), 129,6, 129,4, 128,9, 124,7, 124,6, 115,9, 20,5, 19,7.
HRMS m/z: tinh cho [M+H]* C17H14F3N2S: 335,0830; tim thay 335,0835.
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Methyl 4-(6,7-dimethyl-3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3bm)

COOMe
Me NI©/
T
N

Me N"Ts

Chét ran mau da cam (206 mg, 64%). *H NMR (500 MHz, DMSO) & 14,5 (s,

1H), 8,0 (d, J = 8,4 Hz, 2H), 8,0 (d, J = 8,4 Hz, 2H), 7,7 (s, 1H), 7,4 (s, 1H), 3,9 (s,

3H), 2,3 (d, J = 20,9 Hz, 6H). 13C NMR (126 MHz, DMSO) & 173.3, 166,4, 158.8,

143,7,142,3, 135,9, 134,7, 130,9, 130,3 (2C), 130,2, 128,9, 128,5 (2C), 115,9, 52,7,

20,5, 19,7. HRMS m/z: tinh cho [M+H]* C1gH17N20-S: 325,1011; tim thay 325,1017.
Methyl 3-(6,7-dimethyl-3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3bn)

Me:@:N\I i ~COOMe
Me NS

H
Chat ran mau da cam (207 mg, 64%). *H NMR (500 MHz, DMSO) & 14,5 (s,
1H), 8,4 (t, J = 1,8 Hz, 1H), 8,2 (dt, J = 7,7, 1,5 Hz, 1H), 8,0 (dt, J = 7,8, 1,5 Hz, 1H),
7,7 (s, 1H), 7,6 (t, J = 7,8 Hz, 1H), 7,4 (s, 1H), 3,9 (s, 3H), 2,4 (s, 3H), 2,3 (s, 3H).
13C NMR (126 MHz, DMSO) § 173,3, 166,5, 158,5, 142,1, 139,6, 135,9, 134,8,
134,7, 130,9, 130,7, 130,1, 129,2, 128,9, 128,2, 115,9, 52,7, 20,5, 19,7. HRMS m/z:
tinh cho [M+H]* C1sH17N20,S: 325,1011; tim thdy 325,1017.
4-(6,7-dimethyl-3-thioxo-3,4-dihydroquinoxalin-2-yl)benzonitrile (2.3bo)

CN
Me Nj\(©/
T
N S

Me
H

Chét ran mau vang nhat (201 mg, 69%). *H NMR (500 MHz, DMSO-de) &
14,49 (s, 1H), 8,01 (d, J = 8,3 Hz, 2H), 7,90 (d, J = 8,4 Hz, 2H), 7,68 (s, 1H), 7,37 (s,
1H), 2,37 (5, 3H), 2,33 (s, 3H). 3C NMR (126 MHz, DMSO) 5 173,1, 158,2, 143,7,
1425, 136,0, 134,7, 131,7, 131,0, 130,8, 129,0, 119,2, 115,9, 111,8, 20,6, 19,7.
HRMS m/z: tinh cho [M+H]* C17H1aN3S: 292,0908; tim théy 292,012.
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6,7-dimethyl-3-(pyridin-3-yl)quinoxaline-2(1H)-thione (2.3bp)
&
Me NN
Me:©:” S
Chat rin mau da cam (166 mg, 62%). *H NMR (500 MHz, DMSO) & 14.5 (s,
1H), 9,0 (d, J = 2,1 Hz, 1H), 8,6 (dd, J = 4,9, 1,7 Hz, 1H), 8,3 (dt, J = 7,9, 2,0 Hz,
1H), 7,7 (s, 1H), 7,5 (dd, J = 7,9, 4,9 Hz, 1H), 7,4 (s, 1H), 2,3 (d, J = 19,7 Hz, 6H).
13C NMR (126 MHz, DMSO) § 173,5, 157,3, 150,1, 150,0, 142,2, 137,5, 136,0,
135,0, 134,8, 130,9, 128,9, 122,8, 115,9, 20,5, 19,7. HRMS m/z: tinh cho [M+H]*
C1sH12N3S: 268,0908; tim thay 268,0914.
6-methyl-3-phenylquinoxaline-2(1H)-thione
va 7-methyl-3-phenylquinoxaline-2(1H)-thione (2.3ca)

0® o
N S Me N S
H H

Chat rin mau xanh (176mg, 70%). *H NMR (500 MHz, DMSO-dg) (hdn hop
dong phan ti 1¢ 2/1) & 14,47 (s, 1H san pham chinh), 14,44 (s, 1H san pham phu), 7,84
(tt, J = 4,3, 2,2 Hz, 2H), 7,76 (d, J = 8,3 Hz, 1H), 7,69 (s, 1H), 7,52 — 7,47 (m, 2H),
7,46 — 7,40 (m, J = 1,9 Hz, 4H), 7,38 (s, 1H), 7,31 (dd, J = 8,2, 1,9 Hz,1), 2,46 (s, 3H
san pham phu), 2,42 (s, 2H san pham chinh). 3C NMR (126 MHz, DMSO) & 174,6,
160,6, 159,7, 142,2, 139,1, 136,1, 136,0, 134,4, 133,0, 132,2, 130,4, 129,9, 129,9,
129,5, 129,5, 129,0, 128,6, 127,9, 127,7, 115,8, 115,5, 22,0, 21,2.
5-methyl-3-phenylquinoxaline-2(1H)-thione
va 8-methyl-3-phenylquinoxaline-2(1H)-thione (2.3da)

Me
@iN\ N\
N S
Me H
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Chat rin mau da cam tham (146mg, 58%). *H NMR (500 MHz, DMSO-ds)

(hdn hop dong phan ti 16 2/1) & 14,3 (s, 2H), 7,8 (dt, J = 7,6, 3,1 Hz, 3H), 7,8 (d, J =

8,3 Hz, 1H), 7,7 (s, 1H), 7,5 (s, 2H), 7,4 (dq, J = 5,3, 2,9 Hz, 4H), 7,3 (dd, J = 8,5,

1,8 Hz, 1H), 2,5 (s, 3H san pham phu), 2,4 (s, 3H san pham chinh). 3C NMR (126

MHz, DMSO) § 174,6, 173,9, 160,6, 159,7, 142,2,139,1, 136,1, 136,0, 133,0, 130,4,
1299, 129,5, 129,5, 129,0, 128,6, 127,9, 127,7, 115,9, 115,5, 21,9, 21,2.
5,6-dimethyl-3-(p-tolyl)quinoxaline-2(1H)-thione (2.3eb)

Me
N
N
Me ; N S
H

Me

Chét ran mau da cam (146 mg, 52%). *H NMR (500 MHz, DMSO-de) & 14,35
(s, 1H), 7,87 (d, J = 7,9 Hz, 2H), 7,41 (d, J = 8,4 Hz, 1H), 7,33 (d, J = 8,4 Hz, 1H),
7,24 (d, J = 7,8 Hz, 2H), 2,37 (s, 3H), 2,32 (s, 3H). 13C NMR (126 MHz, DMSO) &
172,7, 158,0, 138,7, 136,0, 135,0, 134,1, 133,9, 132,6, 130,0, 129,6, 129,5, 127,7,
112,3, 21,0, 12,6. HRMS m/z: tinh cho [M+H]* Ci7H17N,S: 281,1112; tim thiy
281,1118.

5,6-dimethyl-3-(4-(trifluoromethyl)phenyl)quinoxaline-2(1H)-thione

(2.3ek)

N

AN
Me‘;N S

H

Me

CF4

Chat ran da cam (197mg, 59%). 'H NMR (500 MHz, DMSO-ds) & 14,50 (s,
1H), 8,11 (d, J = 8,0 Hz, 2H), 7,82 (d, J = 8,1 Hz, 2H), 7,50 (d, J = 8,4 Hz, 1H), 7,37
(d, J = 8,4 Hz, 1H), 2,54 (s, 3H), 2,35 (s, 3H). 3C NMR (126 MHz, DMSO) & 172.3,
157,1, 142,8, 135,3, 134,2, 134,1, 133,4, 130,5, 130,3, 124,2, 124,2, 124,1, 112,5,
19,5, 12,6. HRMS m/z: tinh cho [M+H]* C17H14F3N2S: 335,0830; tim thdy 335,0837.
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Ethyl 2-thioxo-3-(4-phenyl)-1,2-dihydroquinoxaline-6-carboxylate
va ethyl 2-thioxo-3-(4-phenyl)-1,2-dihydroquinoxaline-7-carboxylate (2.3fa)

EtOOC. i N I© : NIO
N N
N~ S EtOOC N~ S
H H

Chat rin da cam (155 mg, 50%). *H NMR (500 MHz, DMSO-dg) & 14,6 (s,
1H), 8,2 (d, J = 1,6 Hz, 1H), 8,0 — 7,9 (m, 2H), 7,9 — 7,8 (m, 2H), 7,5 — 7,4 (m, 3H),
4,4 (q,J=7,1Hz,2H), 1,4 (t,J=7,1 Hz, 3H). ¥°C NMR (126 MHz, DMSO) § 175,7,
165,2, 162,5, 138,7, 138,2, 130,0, 129,9, 129,6, 127,7, 125,9, 117,3, 61,9, 14,6.
HRMS m/z: tinh cho [M+H]* C17H1sN20,S: 311,0854; tim thay 311,0862.

Ethyl 2-thioxo-3-(4-(trifluoromethyl)phenyl)-1,2-dihydroquinoxaline-6-
carboxylate va ethyl 2-thioxo-3-(4-(trifluoromethyl)phenyl)-1,2-
dihydroquinoxaline-7-carboxylate (2.3fl)

CF3 CF3
EtOOC N:\(@/ NI©/
X, X,
N™ s EtOOC N" s
H H

Chat ran da cam (211 mg, 56%). *H NMR (500 MHz, DMSO-dg) & 14,7 (s,
1H), 8,2 (d, J = 1,8 Hz, 1H), 8,0 (d, J = 8,0 Hz, 2H), 8,0 (d, J = 8,4 Hz, 1H), 7,9 (dd,
J=8,4,18Hz 1H), 7,8 (d, J = 8,2 Hz, 2H), 4,4 (q, J = 7,1 Hz, 2H), 1,4 (t, J = 7,1
Hz, 3H). 1*C NMR (126 MHz, DMSO) § 174,8, 164,6, 161,0, 142,1, 1376, 131,9,
131,6, 130,2, 129,2, 125,4, 124,2, 124,2, 124,2, 124,2, 116,9, 61,5, 14,1. HRMS m/z:
tinh cho [M+H]* C1sH14F3N20,S: 379,0728; tim thay 379,0736.

Phenyl(2-thioxo-3-(4-(trifluoromethyl)phenyl)-1,2-dihydroquinoxalin-6-
yl)methanone va phenyl(2-thioxo-3-(4-(trifluoromethyl)phenyl)-1,2-
dihydroquinoxalin-7-yl)methanone (2.3gk)

CF3 CF3
T o
N S Bz N S
H H
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Chat rin da cam (242 mg, 59%). 'H NMR (500 MHz, DMSO-ds) & 14,6 (s,
1H), 8,1 (d, J = 8,0 Hz, 2H), 8,0 (d, J = 8,4 Hz, 1H), 7,9 (d, J = 1,9 Hz, 1H), 7,8 (dd,
J=8,0,4,4Hz, 4H),7,8—-7,7 (m, 2H), 7,6 (t, 3 = 7,5 Hz, 2H). 13C NMR (126 MHz,
DMSO0) & 194,5, 1748, 160,9, 142.1, 138,4, 137,2, 136,4, 133,1, 131,7, 130,2, 129.8,
129,1, 128,7, 128,6, 126,0, 124,3, 124,2, 124,2, 124,2, 117,5. HRMS m/z: tinh cho
[M+H]* C22H14F3N20S: 411,0779; tim thdy 411,0786.
2-Benzyl-1H-benzimidazole (2.4)

Qry

N
H

Hon hop phenylacetylene (102 mg, 1 mmol), o-phenylenediamine (130 mg, 1
mmol), sulfur (48 mg; 1,5 mmol) va DABCO (22 mg; 0,2 mmol) dugc dun nong
trong 6ng phan @ng 7 mL dong kin & 80 °C trong 16 h. San pham tho dem tinh ché
bang phuong phap sic ky cot silica gel véi dung mdi CH,Cl, thu duoc san pham &
dang chat rin mau trang (135 mg, 65%).

IH NMR (300 MHz, CDCl3) 7,44 (dd, J = 6,1, 3,3 Hz, 2H), 7,28-7,17 (m,
5H), 7,13 (dd, J = 6,0, 3,2 Hz, 2H), 4,18 (s, 2H). 13C NMR (75 MHz, CDCls) § 153,3,
136,3, 129,0 (3C), 127,3 (2C), 122,4 (2C), 115,1, 1148, 35,9.

2-Benzylidene-4-phenyl-1,3-dithiole (2.5)

s

Hon hop phenylacetylene (102 mg; 1,0 mmol), sulfur (48 mg; 1,5 mmol),
DABCO (22 mg, 0,2 mol) va DMSO (0,2 mL; 3 mmol) duoc dun néng trong 6ng
phan ung 7 mL déng kin & 80 °C trong 16 h. San pham tho dem tinh ché bang phuong
phap sic ky cot silica gel véi methanol thu duoc san pham & dang chat rin mau vang
(60 mg, 45%).

IH NMR (500 MHz, DMSO-d6) & 7,63-7,17 (m, 13H), 6,90-6,55 (m, 1H).
HRMS m/z tinh cho [M+H]+ C16H13S2: 269,0459. Tim thay: 269.0465.
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Benzo[4,5]thieno[2,3-b]quinoxaline (2.6)

Ne—S
L

HGon hop o-bromophenylacetylene (180 mg, 1 mmol), o-phenylenediamine
(108 mg, 1 mmol), sulfur (64 mg, 2 mmol), triethylamine (202 mg, 2 mmol) va
DMSO (0,2 mL; 3 mmol) dugc dun ndng trong 6ng phan tng 7 mL déng kin ¢ 80 °C
trong 16 h. San pham tho dem tinh ché bang phuong phap sic ky cot silica gel voi
CH.Cl, thu duoc san pham & dang chat ran mau trang (116 mg, 49%).

'H NMR (300 MHz, Chloroform-d) & 8,60 (dd, J = 7,7, 1,5 Hz, 1H), 8,34 —
8,26 (m, 1H), 8,22 — 8,13 (m, 1H), 7,92 - 7,87 (m, 1H), 7,87 — 7,78 (m, 2H), 7,69 (td,
J=7,6,15Hz 1H), 7,60 (td, J = 7,5, 1,2 Hz, 1H). 1*C NMR (126 MHz, CDCls) &
157,3, 147,8, 141,4, 140,5, 140,0, 131,4, 130,9, 129,7, 129,5, 129,0, 128,3, 125,7,
124,4,123,5. HRMS m/z tinh cho [M+H]* C14H9N,S: 237,0486; tim thay 237,0489.

N,2-Diphenylethanethioamide (2.7a)
S

PhHN)H

Ph
'H NMR (500 MHz, CHCl3) & 8.43 (s, 1H), 7.55 (d, J = 10.6 Hz, 2H), 7.49-

7.40 (m, 2H), 7.38-7.33 (m, 5H), 7.24 (t, J = 7.5 Hz, 1H). 3C NMR (126 MHz,
CDCls) 6 201.2, 138.5, 134.8, 129.7 (2C), 129.5 (2C), 128.9 (2C), 128.2, 127.0 (2C),
123.6, 55.0.
2-Ox0-N,2-diphenylethanethioamide (2.9)
S

PhHN
Ph

IH NMR (500 MHz, CDCl3) & 10.09 (s, 1H), 8.06 (d, J = 8.6 Hz, 2H), 7.98 (d,
J=8.1Hz, 2H), 7.59 (t, J = 7.5 Hz, 1H), 7.45 (tt, J = 10.1, 5.1 Hz, 4H), 7.33 (t, J =
7.5 Hz, 1H). 3C NMR (126 MHz, CDCl3) 5 189.6, 186.9, 137.8, 134.0, 133.7, 131.0
(2C), 129.2 (2C), 128.1 (2C), 127.4 (2C), 122.2.
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2.3 Tong hop cac dan xuat furan da nhém thé
Phwong phdp tong hop chung:
1. DBU (0,1 equiv.)

0 = 1 Ro DMSO (0,2 mL), 80°C, 2h
A + R N =2 .
R4:—/ R ~ | P R 2. Sg (2 equiv.)

DABCO (2 equiv.), 120°C, 16h

3.1 3.2

So dé 2.4. Tong hop céc dan xudt furan.

Hon hop cta 3.1 (0,5 mmol; 1,0 equiv), deoxybenzoin 3.2 (0,51 mmol), DBU
(8 mg; 0,05 mmol; 0,1 equiv) va DMSO (0,2 mL) chua trong 6ng phan tng 7 mL day
kin bang nip nhua duoc khuay va dun nong ¢ 80°C trong 2 h. Sau d6, thém tiép sulfur
(32 g, 1 mmol) va DABCO (11 mg; 0,1 mmol; 2 equiv) vao dng phan tng rdi khudy
va dun néng & 120°C trong 16 h. Sau khi dé nguoi vé nhiét d6 phong, hdn hop phan
g duoc hoa tan trong ethyl acetate (10 mL). Dung dich thu dugc dem rira lan luot
v61 nudce (4 mL) va dung dich NH4Cl 10% (2 mL). Lép hitu co duge 1am kho véi
MgSOs khan, loc va ¢6 quay dudi ap suat thap. Phan ran thu dugc dem tinh ché bang
phuong phap sic ky cot silica gel voi hé dung moi hexane/ ethyl acetate (95:5) thu
duoc furan da nhom thé 3.3.

Phenyl(3,4,5-triphenylfuran-2-yl)methanone (3.3a)

Chét rin mau tring (312 mg, 78%). 'H NMR (500 MHz, CDCls) ¢ 7,96 (d, J
=7,6 Hz, 2H), 7,55 — 7,45 (m, 3H), 7,39 (t, J = 7,6 Hz, 2H), 7,35 — 7,27 (m, 6H), 7,16
(p, J=7,0, 6,5 Hz, 7H). 13C NMR (126 MHz, CDCls) ¢ 183,4, 151,6, 146,2, 137,8,
137,2, 132,1, 131,9, 131,2, 130,5 (2C), 130,2 (2C), 129,7 (2C), 128,8, 128,6 (2C),
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128,5 (2C), 128,0 (2C) , 127,7, 127,6 (2C), 126,8 (2C), 125,4. HRMS (QTOF, ESI+)
m/z tinh cho [M + Na]* C2sH20NaO2: 423,1361; tim thay 423,1372.
(4,5-Diphenyl-3-(p-tolyl)furan-2-yl)(phenyl)methanone (3.3b)

Me
)
/ \ O
(o
Chét ran mau trang (143 mg, 69%). *H NMR (500 MHz, CDCls) § 8,00 — 7,95
(m, 2H), 7,53 - 7,47 (m, 3H), 7,41 (t, J = 7,7 Hz, 2H), 7,32 - 7,27 (m, 6H), 7,17 (dd,
J=6,6, 2,9 Hz, 2H), 7,05 (d, 2H), 6,98 (d, J = 7,9 Hz, 2H), 2,27 (s, 3H). 3C NMR
(126 MHz, CDCls) 6 183,3, 151,5, 146,2, 138,0, 137,5 (2C), 137,3,132,1, 130,5 (2C),
130,1 (2C), 129,8, 129,7 (2C), 128,8, 128,7 (2C), 128,5 (2C), 128,4 (2C), 128,1,
128,0 (2C), 127,7, 126,8 (2C), 125,4, 21,3. HRMS (QTOF, ESI+) m/z tinh cho [M +
Na]* CaoH22NaO2: 437,1517; tim thay 437,1521.
(3-(4-1sopropylphenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone
(3.3¢)

Me
Me
/\ O
[
o
Chat ran mau trang (148 mg, 67%). '"H NMR (300 MHz, CDCI3) 6 7,99 — 7,89
(m, 2H), 7,58 — 7,52 (m, 2H), 7,50 — 7,45 (m, 1H), 7,43 — 7,27 (m, 8H), 7,23 — 7,17
(m, 2H), 7,08 (d, J = 8,5 Hz, 2H), 7,02 (d, J = 8,3 Hz, 2H), 2,84 (p, J = 6,9 Hz, 1H),
1,21 (d, J = 6,9 Hz, 6H). 13C NMR (75 MHz, CDCls) 5 183,6, 151,7, 148,2, 146,2,
138,0, 137,3, 132,1, 132,0, 130,5, 130,2, 129,8, 129,7, 128,8, 128,6, 128,5, 128,3,
127,9,127,7, 126,8, 125,7, 125,3, 33,8, 23,8. HRMS (QTOF, ESI+) m/z tinh cho [M
+ Na]* Ca2H26NaO2: 465,1830; tim thiy 465,1838.

106



(4,5-Diphenyl-3-(o-tolyl)furan-2-yl)(phenyl)methanone (3.3d)

QD

Chét ran mau trang (139 mg, 67%). *H NMR (500 MHz, CDCls) § 8,02 — 7,99
(m, 2H), 7,58 — 7,54 (m, 2H), 7,50 (tt, J = 7,5, 1,4 Hz, 1H), 7,41 (t, J = 7,7 Hz, 2H),
7,32 -7,29 (m, 3H), 7,25 - 7,22 (m, 3H), 7,13 — 7,07 (m, 4H), 7,06 — 7,03 (m, 2H),
2,08 (s, 3H). *C NMR (126 MHz, CDCls) ¢ 182,8, 151,6, 146,6, 137,7, 136,9, 136,6,
132,1, 131,9, 131,5, 130,1, 129,9 (2C), 129,8, 129,7, 129,6 (2C), 128,9, 128,6 (2C),
128,5 (2C), 128,0 (2C), 127,9, 127,7, 126,9 (2C), 125,8, 125,2, 20,0. HRMS (QTOF,
ESI+) m/z tinh cho [M + Na]* CsoH22NaO; : 437,1517; tim thay 437,1523.

(3-(3-Chlorophenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone
(3.3e)

Cl
() $
I\ O
O 0

O

Chét ran mau trang (147 mg, 68%). *H NMR (500 MHz, CDCl3) § 8,00 — 7,95
(m, 2H), 7,53 (t, J = 7,3 Hz, 1H), 7,52 — 7,49 (m, 2H), 7,43 (t, J = 7,7 Hz, 2H), 7,33
— 7,27 (m, 6H), 7,19 — 7,14 (m, 4H), 7,11 (t, J = 7,7 Hz, 1H), 7,03 (dt, J = 7,7, 1,4
Hz, 1H). 3C NMR (126 MHz, CDCls) ¢ 183,2, 151,7, 146,3, 137,7, 135,7, 1335,
133,1, 132,4, 131,5, 130,4 (2C), 130,3, 129,7 (2C), 129,5, 129,0, 128,9, 128,8 (2C),
128,6 (2C), 128,4, 128,2 (2C), 128,0, 127,9, 126,8 (2C), 125,3. HRMS (QTOF, ESI+)
m/z tinh cho [M + Na]* C29H19CINaO; : 457,0971; tim thay 457,0978.
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(3-(4-Bromophenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone
(3.3f)

Br
O D
/ \ Q
o
Chét ran mau trang (170 mg, 71%). *H NMR (500 MHz, CDCl3) § 8,01 — 7,98
(m, 2H), 7,55 (tt, J = 7,3, 1,5 Hz, 1H), 7,51 — 7,48 (m, 2H), 7,45 (t, J = 7,8 Hz, 2H),
7,34 7,28 (m, 8H), 7,16 — 7,13 (m, 2H), 7,07 — 7,04 (m, 2H). 13C NMR (126 MHz,
CDCls) ¢ 183,2, 151,7, 146,1, 137,7, 136,0, 132,4, 131,9 (2C), 131,6, 130,9 (2C),
130,4 (2C), 130,2, 129,8 (2C), 129,6, 129,0, 128,9 (2C), 128,6 (2C), 128,2 (2C),
128,0, 126,8 (2C), 125,2, 122,1. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]*
Ca9H19BrNaO;: 501,0466; tim thay 501,0472.
(3-(3-Bromophenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone
(3.39)

Br
() 2
/ \ O
O 0
O

Chat rin mau trang (155 mg, 65%). *H NMR (500 MHz, CDCls) 6 8,00 — 7,95
(m, 2H), 7,55 — 7,49 (m, 3H), 7,43 (t, J = 7,7 Hz, 2H), 7,34 — 7,27 (m, 8H), 7,17 —
7,13 (m, 2H), 7,10 — 7,02 (m, 2H). 3C NMR (126 MHz, CDCls) ¢ 183,3, 1517,
146,3, 137,7, 135,6, 133,4, 133,2, 132,4, 131,5, 130,8, 130,4 (2C), 129,7 (2C), 129,5,
129,2, 129,0, 128,8 (2C), 128,7, 128,6 (2C), 128,2 (2C), 128,0, 126,8 (2C), 125,3,
121,7. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* C29H19BrNaO2: 501,0466; tim
thay 501,0475.
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(3-(4-Methoxyphenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone
(3.3h)

Chét rin mau tring (156 mg, 73%). *H NMR (300 MHz, CDCls) ¢ 8,02 (d, J
= 7,0 Hz, 2H), 7,59 — 7,49 (m, 3H), 7,49 — 7,41 (m, 2H), 7,33 (qt, J = 7,7, 4,1 Hz,
5H), 7,27 — 7,18 (m, 2H), 7,15 (d, J = 8,7 Hz, 2H), 6,75 (d, J = 8,8 Hz, 2H), 3,77 (s,
3H). 3C NMR (75 MHz, CDCls) ¢ 183,4, 159,2, 151,6, 146,1, 138,1, 137,0, 132,1,
131,8, 131,6, 130,9, 130,5, 129,8, 129,8, 129,5, 129,3, 128,8, 128,7, 128,6, 128,4,
128,2, 128,1, 127,8, 126,8, 125,4, 123,3, 113,2, 113,0, 55,1. HRMS (QTOF, ESI+)
m/z tinh cho [M + Na]* C3oH22NaOs: 453,1467; tim théy 453,1474.

[1,1'-Biphenyl]-4-yl(3,4,5-triphenylfuran-2-yl)methanone
(3.3i)

) O m
|\ O
O 0
0]
Chat ran mau tring (150 mg, 63%). 'H NMR (500 MHz, CDCls) ¢ 8,05 (d, J
= 8,4 Hz, 2H), 7,65 — 7,60 (m, 4H), 7,55 — 7,52 (m, 2H), 7,47 (t, J = 7,6 Hz, 2H), 7,42
— 7,38 (m, 1H), 7,30 (dd, J = 4,9, 2,0 Hz, 6H), 7,20 — 7,14 (m, 7H). 3C NMR (126
MHz, CDCls) 6 182,9, 151,6, 146,3, 144,8, 140,2, 137,2, 136,6, 131,9, 131,3, 130,5
(2C), 130,4 (2C), 130,3 (2C), 129,8, 128,9 (2C), 128,8, 128,7 (2C), 128,6 (2C), 128,1,

127,8, 127,7 (2C), 127,6, 127,3 (2C), 126,8 (2C), 126,7 (2C), 125,5. HRMS (QTOF,
ESI+) m/z tinh cho [M + Na]* CasH24NaO,: 499,1674; tim thay 499,1681.
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(4-Methoxyphenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.3j)

) Y ome
/\ O
O 0
0]
Chét ran mau trang (153 mg, 71%). 'H NMR (500 MHz, CDCls) ¢ 8,03 (d,
2H), 7,54 — 7,49 (m, 2H), 7,34 — 7,27 (m, 6H), 7,21 — 7,14 (m, 7H), 6,91 (d, 2H), 3,87
(s, 3H). 3C NMR (126 MHz, CDCls) 6 182,0, 163,0, 151,1, 146,4, 136,5, 132,2 (2C),
132,0, 131,4 (2C), 130,5 (2C), 130,2 (2C), 129,9, 128,7, 128,6 (2C), 128,5 (2C),
127,7 (3C), 127,6, 126,7 (2C), 125,3, 113,4 (2), 55,5. HRMS (QTOF, ESI+) m/z tinh

cho [M + Na]* CzoH22NaOs: 453,1467; tim théy 453,1472.
(3-Chlorophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.3k)

W
/ \ O Cl
[ o
o)

Chét ran mau trang (148 mg, 68%). *H NMR (500 MHz, CDClz) 6 7,90 (t, J =
1,9 Hz, 1H), 7,81 (d, J = 7,8 Hz, 1H), 7,55 — 7,50 (m, 2H), 7,44 (dd, J = 8,1, 2,2 Hz,
1H), 7,34 — 7,28 (m, 7H), 7,20 — 7,11 (m, 7H). 3C NMR (126 MHz, CDCls) § 181,8,
152,2, 145,8, 139,4, 137,9, 134,2, 132,0, 131,7, 131,0, 130,4 (2C), 130,2 (2C), 129,8,
129,5, 129,4, 129,0, 128,7 (2C), 128,6 (2C), 128,0, 127,9, 127,8 (2C), 127,7, 126,8
(2C), 125,5. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* C2o0H1sCINaO2: 457,0971;
tim thiy 457,0975.

(2-Chlorophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.3i)

W,
-\ Q
O °© L c
Chat rin mau trang (128 mg, 59%). 'H NMR (500 MHz, CDCls) 6 8,04 — 8,01
(m, 2H), 7,57 — 7,54 (m, 2H), 7,51 (t, J = 7,4 Hz, 1H), 7,42 (t, J = 7,7 Hz, 2H), 7,32
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~ 7,29 (m, 4H), 7,27 — 7,24 (m, 3H), 7,19 — 7,14 (m, 3H), 7,13 — 7,10 (m, 2H). C
NMR (126 MHz, CDCls) ¢ 182,7, 151,6, 146,9, 137,5, 134,4, 133,9, 132,3, 131,7,
131,5, 131,4, 130,0 (2C), 129,7, 129,6 (2C), 129,2, 129,1, 128,9, 128,6 (2C), 128,5
(2C), 128,1 (2C), 127,8, 126,8 (2C), 126,3, 125,7. HRMS (QTOF, ESI+) m/z tinh cho
[M + Na]* Ca9H19CINaO;: 457,0971; tim thay 457,0978.
(3-Bromophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.3m)

A
/ \ O Br
O 0
0

Chét ran mau trang (153 mg, 64%). *H NMR (500 MHz, CDClz) 6 8,05 (t, J =
1,8 Hz, 1H), 7,85 (d, J = 7,8 Hz, 1H), 7,59 (dt, J = 7,9, 1,5 Hz, 1H), 7,54 — 7,50 (m,
2H), 7,32 — 7,28 (m, 6H), 7,25 (t, J = 7,9 Hz, 1H), 7,20 — 7,10 (m, 7H). 3C NMR
(126 MHz, CDCls) ¢ 181,7, 152,2, 145,7, 139,6, 137,9, 134,9, 132,7, 131,7, 131,0,
130,4 (2C), 130,2 (2C), 129,6, 129,5, 129,1, 128,7 (2C), 128,6 (2C), 128,1, 128,0,
127,9, 127,8 (2C), 126,8 (2C), 125,5, 122,2. HRMS (QTOF, ESI+) m/z tinh cho [M
+ Na]* C2o0H1oBrNaO,: 501,0466; tim thiy 501,0475.

(4-Nitrophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.3n)

Chat ran mau trang (124 mg, 56%). *H NMR (300 MHz, CDCI3) § 8,24 (d, J
= 8,8 Hz, 2H), 8,06 (d, J = 8,8 Hz, 2H), 7,56 — 7,47 (m, 2H), 7,34 (tt, J = 4,8, 2,8 Hz,
7H), 7,23 — 7,14 (m, 6H). 3C NMR (75 MHz, CDCl3) 6 181,2, 152,9, 149,5, 145,5,
143,2, 138,7, 131,4, 130,8, 130,7, 130,4, 130,1, 129,9, 129,3, 129,3, 128,8, 128,7,
128,6, 128,2, 128,0, 127,8, 127,6, 126,9, 125,8, 123,2, 122,7. HRMS (QTOF, ESI+)
m/z tinh cho [M + Na]* C2oH19NNaO4: 468,1212; tim théy 468,1217.
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(3-Nitrophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.30)

S,
O /O\ O NO,

Chét ran mau trang (116 mg, 52%). *H NMR (500 MHz, CDClz) 6 8,83 (t, J =
2,0 Hz, 1H), 8,37 — 8,30 (m, 1H), 8,26 (dt, J = 7,7, 1,4 Hz, 1H), 7,61 (d, J = 7,9 Hz,
1H), 7,59 — 7,52 (m, 3H), 7,39 — 7,29 (m, 6H), 7,23 — 7,08 (m, 6H). 3C NMR (126
MHz, CDCls) ¢ 180,5, 153,0, 145,5, 139,1, 138,8, 135,1, 131,5, 130,8, 130,7, 130,5,
130,3, 129,4, 128,8, 128,1, 128,0, 127,9, 127,0, 126,4, 125,8, 124,9. HRMS (QTOF,
ESI+) m/z tinh cho [M + Na]* C2sH1sNNaOs : 468,1212; tim thay 468,1215.

(4-Chlorophenyl)(3-(4-chlorophenyl)-4,5-diphenylfuran-2-yl) methanone
(3.3p)

Cl
W
I\ O
(%

Chét ran mau tring (175 mg, 75%). *H NMR (500 MHz, CDCls) ¢ 7,97 (d, J
= 8,6 Hz, 2H), 7,50 — 7,42 (m, 4H), 7,35 — 7,28 (m, 6H), 7,21 — 7,17 (m, 2H), 7,16 —
7,10 (m, 4H). 3C NMR (126 MHz, CDCls) 6 181,7, 151,9, 145,9, 138,8, 136,4, 136,1,
134,0, 131,5 (2C), 131,4, 131,2 (2C), 130,4 (2C), 129,5, 129,4, 129,1, 128,9 (2C),

128,7 (2C), 128,6 (2C), 128,1 (2C), 128,1, 126,8 (2C), 125,5. HRMS (QTOF, ESI+)
m/z tinh cho [M + Na]* C2sH1sCl2NaO,: 491,0582; tim thay 491,0588.

(4-Methoxyphenyl)(3-(4-methoxyphenyl)-4,5-diphenylfuran-2-yl)methanone
(3.39)




Chat ran mau tring (168 mg, 73%). 'H NMR (500 MHz, CDCl3) 6 7,71 (d, J
= 8,9 Hz, 2H), 7,25 — 7,18 (m, 5H), 7,19 — 7,09 (m, 3H), 6,99 — 6,92 (m, 2H), 6,84
(d, J=8,7 Hz, 2H), 6,71 (d, J = 8,9 Hz, 2H), 6,53 (d, 2H), 3,79 (s, 3H), 3,66 (s, 3H).
13C NMR (126 MHz, CDCls) 6 188,8, 162,9, 158,6, 146,1, 144,2, 139,5, 136,4, 135,6,
133,7, 132,1(2C), 131,7 (2C), 130,9 (2C), 130,8, 129,3(2C), 128,4(2C), 128,0(2C),
128,0, 126,9, 113,1(2C), 113,0(2C), 55,4, 55,4, 55,1, 55,0. HRMS (QTOF, ESI+) m/z
tinh cho [M + Na]* Ca1H24NaO4: 483,1572; tim thay 483,1572.

(3-([1,1'-Biphenyl]-4-yl)-4,5-diphenylfuran-2-yl)(4-bromophenyl)methanone
(3.3r)

Chét ran mau trang (163 mg, 59%). *H NMR (500 MHz, CDCls) § 8,12 — 8,06
(m, 2H), 7,70 — 7,63 (m, 4H), 7,54 — 7,45 (m, 4H), 7,44 — 7,38 (m, 1H), 7,36 — 7,27
(m, 8H), 7,19 — 7,13 (m, 2H), 7,10 — 7,04 (m, 2H). 3C NMR (126 MHz, CDCl3) ¢
182,6, 151,7, 146,3, 145,2, 140,1, 136,4, 136,0, 131,9 (2C), 131,6, 131,0 (2C), 130,5
(2C), 130,4, 130,3 (2C), 129,6, 129,0, 128,9 (2C), 128,8 (2C),128,6 (2C), 128,2,
128,0, 127,4 (2C), 126,9 (2C), 126,8 (2C), 125,3, 122,1. HRMS (QTOF, ESI+) m/z
tinh cho [M + Na]* CasH23BrNaO,: 577,0779; tim thay 577,0786.

Pyridin-3-yl(3,4,5-triphenylfuran-2-yl)methanone (3.3s)

Chét ran mau tring (130 mg, 65%). 'H NMR (500 MHz, CDCls) ¢ 8,74 (d, J
= 2,2 Hz, 1H), 8,45 (dd, J = 4,9, 1,8 Hz, 1H), 7,80 (dt, J = 7,9, 2,0 Hz, 1H), 7,26 (br
s, 5H), 7,17 — 7,11 (m, 3H), 7,04 (dd, J = 7,9, 4,8 Hz, 1H), 6,99 — 6,91 (m, 5H), 6,90
— 6,86 (m, 2H). 1*C NMR (126 MHz, CDCls) ¢ 188,4, 152,0, 150,2, 147,9, 146,9,
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140,1, 136,6, 136,2, 135,0 (2C), 133,8, 133,3, 130,8 (2C), 130,7 (2C), 129,3 (2C),

128,5(2C), 128,4,128,1 (2C), 127,7 (2C), 127,5, 127,2, 122,5. HRMS (QTOF, ESI+)

m/z tinh cho [M + Na]* C2sH1sNNaO2: 424,1313; tim thiy 424,1319.
Thiophen-2-yl(3,4,5-triphenylfuran-2-yl)methanone (3.3t)

B
/ \ g
(o
O

Chét ran mau tring (136 mg, 67%). *H NMR (300 MHz, CDCls) ¢ 8,31 (dd, J

=3,9, 1,2 Hz, 1H), 7,74 (dd, J = 5,0, 1,2 Hz, 1H), 7,68 — 7,61 (m, 2H), 7,42 — 7,35

(m, 3H), 7,35 — 7,28 (m, 8H), 7,25 (dd, J = 5,0, 3,9 Hz, 1H), 7,23 — 7,15 (m, 2H). °C

NMR (75 MHz, CDCls) ¢ 173,5, 151,6, 145,5, 143,0, 137,3, 133,9, 133,9, 131,8,

131,1, 130,4, 130,2, 129,8, 129,1, 129,0, 128,7, 128,0, 127,9, 127,8, 127,7, 127,0,

126,0. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* C27H1sNaO,S: 429,0925; tim
thiy 429,0931.

Furan-2-yl(3,4,5-triphenylfuran-2-yl)methanone (3.3u)

Chat rin mau trang (111 mg, 57%). *H NMR (500 MHz, CDCl3) 6 7,82 — 7,75
(m, 2H), 7,46 — 7,42 (m, 1H), 7,34 — 7,26 (m, 10H), 7,20 — 7,15 (m, 2H), 6,97 (d, J =
1,8 Hz, 1H), 6,03 (dd, J = 3,5, 1,8 Hz, 1H), 5,73 (d, J = 3,4 Hz, 1H). 13C NMR (126
MHz, CDCls) 6 189,8, 147,8, 145,0, 142,2, 138,5, 138,1, 136,9, 135,4, 132,2, 130,5
(2C), 129,2 (2C), 129,0 (2C), 128,5 (2C), 128,3 (2C), 128,2, 128,0 (2C), 127,6, 111,0,
110,9. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* C27H1sNaOs: 413,1154; tim thay
413,1162.
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(4,5-Diphenyl-3-(thiophen-2-yl)furan-2-yl)(thiophen-2-yl)methanone
(3.3v)

Chat rin mau tring (148 mg, 72%). *H NMR (300 MHz, CDCls) § 8,28 (dd, J
=3,9, 1,2 Hz, 1H), 7,76 (dd, J = 4,9, 1,2 Hz, 1H), 7,62 — 7,53 (m, 2H), 7,42 (dd, J =
5,0, 2,0 Hz, 3H), 7,39 — 7,19 (m, 9H), 6,97 (dd, J = 5,1, 3,7 Hz, 1H). 3C NMR (75
MHz, CDCls) § 173,5, 151,5, 143,0, 134,0, 131,1, 130,7, 130,3, 129,5, 129,0, 128,9,
128,6, 128,3, 127,3, 126,8, 126,4, 125,7. HRMS (QTOF, ESI+) m/z tinh cho [M +
Na]* C2sH1sNa02S,: 435,0489; tim thay 435,0493.

(3,5-Diphenyl-4-(p-tolyl)furan-2-yl)(phenyl)methanone (3.3w)

Me
),
A\ O
[y o

o)
Chét ran mau trang (161 mg, 78%). *H NMR (500 MHz, CDCl3) § 7,98 — 7,93
(m, 2H), 7,56 — 7,46 (m, 3H), 7,39 (t, J = 7,6 Hz, 2H), 7,32 — 7,26 (m, 3H), 7,20 —
7,14 (m, 5H), 7,09 (d, J = 7,9 Hz, 2H), 7,04 (d, J = 8,1 Hz, 2H), 2,35 (s, 3H). 13C
NMR (126 MHz, CDCIs) ¢ 183,4, 151,6, 146,2, 137,9, 137,4, 137,3, 132,1, 1314,
130,3 (2C), 130,2 (2C), 129,9, 129,7 (2C), 129,4 (2C), 128,7, 128,5 (2C), 128,0 (2C),
127,7 (2C), 127,6, 126,8 (2C), 125,4, 21,3. HRMS (QTOF, ESI+) m/z tinh cho [M +

Na]* CaoH22NaO;: 437,1517; tim thdy 437,1521.

(5-(4-Methoxyphenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone (3.3x)
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Chat rin mau trang (157 mg, 73%). *H NMR (500 MHz, CDCls3) 6 7,95 — 7,93
(m, 2H), 7,50 — 7,43 (m, 3H), 7,38 (t, J = 7,7 Hz, 2H), 7,30 — 7,27 (m, 3H), 7,18 —
7,13 (m, 7H), 6,84 — 6,79 (m, 2H), 3,80 (s, 3H). *C NMR (126 MHz, CDCls) 6 183,2,
160,1, 152,0, 145,8, 138,0, 137,4, 132,1, 132,0, 131,4, 130,5 (2C), 130,2 (2C), 129,7
(2C), 128,6 (2C), 128,3 (2C), 128,0 (2C), 127,6 (3C), 124,1, 122,5, 114,0 (2C), 55,3.
HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* CaoH22NaOs: 453,1467; tim thay,
453,1472,

(4,5-Bis(4-methoxyphenyl)-3-phenylfuran-2-yl)(phenyl)methanone

(3.3y)

MeQ
0,
/ \ O
MeO 0

Chat rin mau trang (140 mg, 61%). *H NMR (500 MHz, Chloroform-d) & 8,04
(d, J = 8,6 Hz, 2H), 7,50 (dd, J = 6,8, 3,0 Hz, 2H), 7,35 — 7,25 (m, 6H), 7,19 — 7,12
(m, 2H), 7,10 (d, J = 8,7 Hz, 2H), 6,92 (d, J = 8,9 Hz, 2H), 6,72 (d, J = 8,7 Hz, 2H),
3,87 (s, 3H), 3,75 (s, 3H). *C NMR (126 MHz, CDCls) 6 183,2, 160,0, 159,0, 152,0,
145,7, 138,1, 137,6, 131,9, 131,6 (2C), 131,5, 130,3 (2C), 129,7 (2C), 128,3 (2C),
128,0 (2C), 127,7 (2C), 127,6, 124,2, 123,8,122,6, 114,1 (2C), 114,0 (2C), 55,3, 55,2.
HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* C3iH24NaOs: 483,1572; tim thay,
483,1577.

(5-(4-Fluorophenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone (3.3z)

/ \ O
[
F (0]
Chét ran mau trang (136 mg, 65%). *H NMR (500 MHz, CDCls) § 7,95 — 7,90
(m, 2H), 7,51 — 7,47 (m, 3H), 7,38 (t, J = 7,6 Hz, 2H), 7,32 — 7,28 (m, 3H), 7,19 —
7,11 (m, 7H), 6,98 (t, J = 8,7 Hz, 2H). 13C NMR (126 MHz, CDCls) ¢ 183,5, 162,9,
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150,8, 146,2, 137,8, 137,1, 132,2, 131,7, 131,1, 130,4 (2C), 130,2 (2C), 129,7 (2C),
128,8, 128,7 (2C), 128,6, 128,0 (2C), 127,9, 127,8, 127,7 (2C), 126,1, 126,0, 125,1,
115,8, 115,7. F NMR (471 MHz, Chloroform-d) 6 -111,28. HRMS (QTOF, ESI+)
m/z tinh cho [M + Na]* C2sH10FNaO,: 441,1267; tim thay, 441,1272.
(5-(4-Chlorophenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone
(3.3aa)

Ve
CI /O\ O

Chét ran mau trang (150 mg, 69%). *H NMR (500 MHz, CDCls) § 7,96 — 7,90
(m, 2H), 7,51 (tt, J = 7,5, 1,4 Hz, 1H), 7,45 (dd, J = 8,7, 4,6 Hz, 2H), 7,42 — 7,36 (m,
2H), 7,34 - 7,25 (m, 5H), 7,20 — 7,10 (m, 7H). $3C NMR (126 MHz, CDCls) 6 183,5,
150,5, 146,3, 137,7, 137,1, 134,8, 132,3, 131,6, 131,0, 130,4, (2C) 130,2 (2C), 129,7
(2C), 128,9 (2C), 128,8 (2C), 128,2, 128,1 (2C), 128,0 (3C), 127,8, 127,7 (2C), 125,7.
HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* CaoH19CINaO2: 457,0971; tim thay
457,0978.

(5-(4-Bromophenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone
(3.3ab)

YaE
Br /O\ O

Chét ran mau trang (170 mg, 71%). *H NMR (500 MHz, CDCls) § 7,93 — 7,90
(m, 2H), 7,49 (tt, J = 7,4, 1,4 Hz, 1H), 7,43 - 7,35 (m, 6H), 7,32 — 7,26 (m, 3H), 7,19
— 7,10 (m, 7H). °C NMR (126 MHz, CDCls) ¢ 183,5, 150,5, 146,3, 137,7, 137,0,
132,2, 131,8 (2C), 131,6, 131,0, 130,3 (2C), 130,2 (2C), 129,7 (2C), 128,8 (2C),
128,7,128,2 (2C), 128,0 (2C), 127,9, 127,8, 127,7 (2C), 125,8, 123,1. HRMS (QTOF,
ESI+) m/z tinh cho [M + Na]* C2oH19BrNaO2: 501,0466; tim thay 501,0475.
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(4,5-Bis(4-methoxyphenyl)-3-phenylfuran-2-yl)(4-methoxyphenyl)methanone
(3.3ac)

MeQ
XA
O /\ O
@)
MeO 0]

Chét rin mau tring (152 mg, 62%). *H NMR (500 MHz, CDCls) ¢ 8,00 (d, J
=8,9 Hz, 2H), 7,47 (d, J = 8,9 Hz, 2H), 7,22 — 7,13 (m, 5H), 7,06 (d, J = 8,7 Hz, 2H),
6,89 (d, J = 8,9 Hz, 2H), 6,85 — 6,78 (m, 4H), 3,86 (s, 3H), 3,80 (d, J = 2,7 Hz, 6H).
13C NMR (126 MHz, CDCls) § 181,8, 162,9, 159,9, 159,0, 151,4, 146,0, 136,9, 132,1
(2C), 131,7, 131,6 (2C), 130,7, 130,2 (2C), 128,2 (2C), 127,7 (2C), 127,5, 124,3,
123,7, 122,8, 114,1 (2C), 114,0 (2C), 113,3 (2C), 55,4, 55,3, 55,2. HRMS (QTOF,
ESI+) m/z tinh cho [M + Na]* Ca2H2sNaOs: 513,1678; tim théy, 513,1686.

(3,5-Bis(4-chlorophenyl)-4-phenylfuran-2-yl)(4-chlorophenyl)methanone
(3.3ad)

Chét ran mau trang (151 mg, 60%). *H NMR (500 MHz, CDCl3) § 7,96 — 7,91
(m, 2H), 7,45 — 7,39 (m, 4H), 7,33 (qd, J = 5,0, 1,8 Hz, 3H), 7,27 (d, J = 7,2 Hz, 2H),
7,20 — 7,17 (m, 2H), 7,12 (dtd, J = 11,9, 6,4, 5,8, 2,7 Hz, 4H). 13C NMR (126 MHz,
CDCl3) 6 181,8, 150,8, 146,0, 138,9, 136,3, 135,9, 135,1, 134,1, 131,5 (2C), 131,1,
131,0 (2C), 130,3 (2C), 129,3, 129,0 (4C), 128,6 (2C), 128,3, 128,1 (2C), 128,0 (2C),
127,9, 125,8. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* Ca9H17ClzsNaOg:
525,0192; tim thdy 525,0198.
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(3-(4-Bromophenyl)-5-(4-fluorophenyl)-4-phenylfuran-2-yl)(phenyl)methanone
(3.3ae)

Br
) 2
/\ O
F O © o)

Chét ran mau trang (156 mg, 63%). *H NMR (500 MHz, CDCl3) § 7,98 — 7,93
(m, 2H), 7,55 (t, J = 7,4 Hz, 1H), 7,50 — 7,41 (m, 4H), 7,35 — 7,27 (m, 5H), 7,15 —
7,11 (m, 2H), 7,05 — 7,01 (m, 2H), 6,98 (t, J = 8,7 Hz, 2H). *C NMR (126 MHz,
CDCls) ¢ 183,2, 162,9 (d, J = 250,3 Hz), 150,9, 137,7, 135,9, 132,4, 131,8 (2C),
131,4, 131,0 (2C), 130,4 (2C), 130,1, 129,7 (2C), 129,0 (2C), 128,7 (d, J = 8,4 Hz),
128,2 (2C), 128,1, 125,8, 124,9, 122,2, 115,8 (d, J = 21,9 Hz). 19F NMR (471 MHz,
Chloroform-d) & -110,98. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]*
Ca9H1sBrFNaO2: 519,0372; tim thay 519,0378.

(3-Bromophenyl)(5-(4-bromophenyl)-3,4-diphenylfuran-2-yl)methanone
(3.3af)

Q
o

Chét ran mau trang (156 mg, 56%). *H NMR (500 MHz, CDClz) 6 8,01 (t, J =
1,8 Hz, 1H), 7,81 (dt, J = 7,8, 1,4 Hz, 1H), 7,59 (dt, J = 8,2, 1,4 Hz, 1H), 7,45 — 7,40
(m, 2H), 7,40 — 7,36 (m, 2H), 7,33 — 7,27 (m, 3H), 7,24 (t, J = 7,9 Hz, 1H), 7,19 —
7,12 (m, 5H), 7,11 — 7,08 (m, 2H). 13C NMR (126 MHz, CDCls) & 181,8, 151,1,
145,8, 139,4, 137,8, 135,0, 132,7, 131,9 (2C), 131,4, 130,7, 130,3 (2C), 130,1 (2C),
129,6, 128,8 (2C), 128,4, 128,2 (2C), 128,1, 128,0, 127,9, 127,8 (2C), 125,9, 123 .4,
122,2. HRMS (QTOF, ESI+) m/z tinh cho [M + Na]* C2oH1sBr2NaO,: 578,9571; tim
thay 578,9582.
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CHUONG 3: KET QUA VA THAO LUAN

3.1 Tong hep céc 2-aryl-3-cyanothiophene

Gan day, nhém nghién cau cia PGS.TS Mac Dinh Hung tai phong thi nghiém
Hoéa dugc, khoa Hoa hoc, truong PH Khoa hoc Tu nhién Ha Noi da phat trién mot
phuong phap méi nham téng hop cac dan xuét thiophene dya trén phan @ng ngung
tu oxy hoa ba thanh phan cua chalcone 1.1 (synthon C4-C5) va arylacetonitrile 1.2'
(synthon C2-C3) (trong d6 R 1a cac gdc Ar hay di vong thom HetAr) véi su ¢6 mit
cta Iuu huynh (So d6 3.1) [62]. Trong qué trinh bién d6i, luu huynh khong chi dong
vai trd 1 ngudn cung cap luu huynh ma con 1a tac nhan tach hydrogen. Phan tng mot
binh (one-pot) duoc tién hanh qua hai giai doan: (1) Phan tng cong Michael c6 mat
xuc tac base cua arylacetonitrile 1.2" vagi chalcone 1.1; (2) Su sulfur héa tao vong kem
theo tach hydrogen cua san pham trung gian 1.A1. Chién lugc nay ciing da duoc ap
dung thanh céng cho cac chat nén acetonitrile mang nhom thé hat electron (ester,

amide bac hai va bac ba, cyanide...).

;
| Arl NC__R Al R A, . R
1.2' Sg
o) ot o) EN o. s/ \2
5 base base, A S NH>
Ar DMSO, A Ar2 AP
1.1 1.A1 1.3"

R = Ar, HetAr, CO,Alk, CONHAIK
So dé 3.1. Phan iing tong hop 2-aminothiophene tir chalcone.

Tiép ndi nghién cau trén, khi cho benzoylacetonitrile 1.2a (synthon C2—-C3)
tac dung véi chalcone 1.1a chi thu duoc 2-aminothiophene 1.3a la san pham phu cua
phan &ng, trong khi san pham chinh Ia 3-cyanothiophene 1.4a (So d6 3.2). O giai
doan thtr nhit, phan tng cong Michael caa hdn hop ddng mole 1.1a va 1.2a xay ra
binh thudng vai sy 6 mat cia DABCO la xtic tac base dé tao thanh san pham cong
1.A2 véi hiéu suat toan luong trong 30 min ¢ 80°C. Sau d6, luu huynh duoc thém
vao hé phan tng va qua trinh gia nhiét duoc tiép tuc ¢ 80°C. Két qua tao ra hdn hop
san pham gém hai dan xuat thiophene 1.3a va 1.4a. Cac san pham c6 thé dé dang
phan tach ra khoi nhau bang sic ky cot trén silica gel (1.3a phan cuc hon 1.4a do ¢6

nhém amino & vi tri C5). Ngoai ra, bang cach nghién hdn hop sau phan tng véi
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methanol, rdi dem loc va rira phan khdng tan véi methanol s& dé dang phan lap duoc
san pham chinh 3-cyanothiophene 1.4a. C4u tric phan tir cua ca thiophene 1.3a va
1.4a déu duoc xac dinh rd rang bang phwong phap nhidu xa tinh thé tia X, cac phd
cong huong tir tH NMR, 3C NMR ciing nhu pho khéi HRMS.

o o) DABCO (20 mol %) | Ph, CN
NC >
PhMPh * \)J\Ph DMSO (0,2 mL) wph
1.1a 1.2a 80°C, 30 min Ph ©
1.A2
Sg |
l 80°C, 16 h
\, I \.
4y 9 ® &
: \P_’r\ / Ph 4 5 CN Ph 4 3 /—Ph < 'y 58
W — \ AV OB
" Y [\ ~4 0 / \ / \ o
Ne— - o 5 2 O. 5 2 X
YNV ). o Ph T & NH, o & &
" ._< ab
Ph Ph Lo
1.4a 1.3a

So do 3.2. Phan iing téng hop 3-cyanothiophene va 2-aminothiophene.

Trén pho 'H NMR cua hop chat (5-amino-3-phenylthiophene-2,4-
diyl)bis(phenylmethanone) (1.3a) ¢ thé quan st thay tin hiéu cong huang singlet &
6,95 ppm cua NH>, c4c tin hiéu cong huong ¢ 7,28 ppm (d, J = 7,3 Hz, 2H), 7,19 ppm
(d,J=7,2 Hz, 2H), 7,11 ppm (t, J = 7,4 Hz, 1H), 7,05 ppm (t, J = 7,4 Hz, 1H), 6,92
ppm (t, J = 7,7 Hz, 2H), 6,76 ppm (d, J = 7,1 Hz, 2H), 6,67 ppm (t, J = 7,4 Hz, 1H),
6,61 ppm (t, J = 7,4 Hz, 2H) cta ba nhdm phenyl (xem Hinh 3.1).

Trén phd 3C NMR cua 1.3a thu duoc cac tin hiéu & 194,6 ppm va 190,2 ppm
cua hai nhom carbonyl (C=0) trong phén tr, cung vai tin hiéu ¢ 167,8 ppm cua
nguyén tir carbon lién két voi nhém amine (NH2). Ngoai ra, con c6 céc tin hiéu &
147,3 ppm, 139,4 ppm, 138,3 ppm, 134,7ppm, 133,6 ppm, 130,9 ppm, 130,9 ppm,
130,7 ppm, 130,1 ppm, 128,8 ppm, 128,6 ppm, 128,5 ppm, 127,4 ppm, 127,3 ppm,
127,1 ppm, 121,6 ppm, 118,3 ppm cua cac nguyén tir carbon trong vong thom (xem
Hinh 3.2).

Trén phd HRMS cua 1.3a xuét hién peak dic trung 406,0883 tuong wng Véi
manh ion phan to [M+Na]" C2sH17NO2SNa c6 m/z 406,0878.

121



1200
1000
j} [ 800
| L
// | ] I 600
400
I I
|
200
I / L L,
Shdaadna 200

9I.0 SI.5 I 8I.O | 7I.5 7‘.0 | GI.E ' 6I.U | 5I.5 ;‘1 (5I.0) 4I.5 | 4I.O | 3I.5 3I.D | 2‘.5 I

ppm

Hinh 3.1. Phé *H NMR cua hop chdt (5-amino-3-phenylthiophene-2,4-
diyl)bis(phenylmethanone) (1.3a)
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Hinh 3.2. Phé 3C NMR cua hop chat (5-amino-3-phenylthiophene-2,4-
diyl)bis(phenylmethanone) (1.3a)
Pé dung dich caa 2-aminothiophene 1.3a trong CDCls bay hoi cham thi sau
mot khoang thoi gian xuat hién tinh thé dang manh, pht hop dé phan tich nhidu xa
don tinh thé tia X. Két qua sau khi xir ly dit liéu cho thay tinh thé caa 1.3a thuoc hé

tryc thoi, cdu tao phan tir chat phi hop véi céc dir liéu phd cong huong tir. Cau tric
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phan tir 1.3a cho thiy cac nhém phenyl nim twong ddi gan nhau va khong ddng phang
V&1 nhau cling nhu véi vong thiophene. Bac biét Ia khoang céach gitta nhom amino ¢
vi tri C2 va nguyén tir oxygen trong nhom carbonyl & vi tri C3 trong phan tir 1.3a cho

thay kha nang hinh thanh lién két hydrogen noi phan tir (xem Hinh 3.3).

Hinh 3.3. Cdu trlc phan tiz (5-amino-3-phenylthiophene-2,4-
diyl)bis(phenylmethanone) (1.3a)

Trén phé 'H NMR cua hop chat 5-benzoyl-2,4-diphenylthiophene-3-
carbonitrile (1.4a) xuat hién cac tin hiéu cong huong ¢ 7,92 — 7,83 ppm (m, 2H), 7,61
— 7,48 ppm (m, 5H), 7,39 — 7,28 ppm (m, 3H), 7,25 - 7,11 ppm (m, 5H) cua ba nhém
phenyl (xem Hinh 3.4).

Trén pho 3C NMR cua 1.4a thu duoc tin hiéu ¢ 188,9 ppm ciia nhdm carbonyl
(C=0) va 157,8 ppm ctia nhém cyano (C=N) trong phan tir. Ngoai ra, con ¢ cac tin
hi¢u ¢ 147,8 ppm, 137,7 ppm, 136,5 ppm, 132,8 ppm, 132,4 ppm, 130,8 ppm, 129,8
ppm, 129,5 ppm, 129,0 ppm, 128,3 ppm, 128,1 ppm, 128,0 ppm, 115,1 ppm, 108,9
ppm cua nguyén tir carbon trong cac vong thom (xem Hinh 3.5).

Trén phd HRMS cua 1.4a xuét hién peak dic trung 388,0776 tuong wng Véi
manh ion phan ta [M+Na]™ C2sH1sNOSNa c6 m/z 388,0772.

Bay hoi cham dung dich cua 1.4a trong dung dich CDCl3 thu dugc cac don
tinh thé manh. Két qua phan tich nhiu xa don tinh thé tia X cho thay cau tric tinh

thé cuia 1.4a thudc hé truc thoi, phan tir mang hai nhém phenyl gan nhau & vi tri C4
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va C5 niam léch nhau va khéng ddng phang véi vong thiophene. Mat khac, nhém
phenyl & vi tri C2 nam twong ddi ddng phing véi vong thiophene (xem Hinh 3.6).
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Hinh 3.4. Phé 'H NMR cua hep chdt 5-benzoyl-2,4-diphenylthiophene-3-

carbonitrile (1.4a)
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Hinh 3.5. Phé 3C NMR cuia hop chdt 5-benzoyl-2,4-diphenylthiophene-3-

carbonitrile (1.4a)
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Hinh 3.6. Cdu trlc phan ti 5-benzoyl-2,4-diphenylthiophene-3-carbonitrile (1.4a)

Céc chalcone c6 cau tric khac nhau c6 thé duoc tong hop dé dang va thuong
dugc ban sin trén thi truong vai gia ré. Hon nita, cac dan xuat 3-cyanothiophene 1.4
va 2-aminothiophene 1.3 déu c6 cac hoat tinh sinh hoc hitu ich. Vi vay, nghién ciu
huéng téi muc dich tim hiéu phuong phap tdi uu dé tong hop riéng tirng day chat
trén. Pau tién, pham vi ap dung caa phan ting dugc khao sat bang cach sir dung nhiéu
cau trac khac nhau cua cac chalcone 1.1 va benzoylacetonitrile 1.2 (So d6 3.3). Phan
tng dugc thyc hién bang cach dun néng hdn hop chalcone 1.1 (1 mmol),
benzoylacetonitrile 1.2 (1,05 mmol), DABCO (20 mol%, 0,2 mmol, 22 mg) va
DMSO (0,2 mL, 3 mmol) ¢ 80°C trong khoang 30 dén 60 min; sau d6 thém Sg (64
mg, 2 mmol) rdi dun ¢ 80°C trong 16 h. Phan ung dugc tién hanh trong khéng khi,

sir dung 6ng phan &ng 7 mL.

o) o) DABCO (20 mol %) | w
NC > 3
ArZJ\/\AH + Ar3 DMSO (0,2 mL) ) Ar
1.1 1.2 80°C, 30 min Ar ©
1A
Sg |
l 80°C, 16 h
o)
1
A, . CN A, Dag
o)
5/8\2Ar3 + O s/ \\2
Ar? " s~ NH;
1.4 A 43

So do 3.3. Khdo sat phan ing giira chalcone 1.1 va benzoylacetonitrile 1.2.
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Bdng 3.1. Khdo sat pham vi cua phadn i#ng giiza chalcone va benzoylacetonitrile.

TN Art/Ar?/Ard Hicu suat (%)
1.3 14
Thay déi cac chalcone 1.1
1 4-F3C-CgH4/Ph/Ph 1.3b,32 | 1.4b, 61
2 2-0O2N-CgsH4/Ph/Ph 1.3c,12 | 1.4c,61
3 4-MeO-CeH4/Ph/Ph 1.3d,33 | 1.4d, 66
4 4-Br-CeHa/Ph/Ph 1.3e,13 | 1.4e, 62
5 4-HO-CesH4/Ph/Ph 1.3f, 0 1.4f, 78
6 1-Naphthyl/Ph/Ph 139,15 | 1.4g, 60
7 Ph/4-F-/CsHa4/Ph 1.3h, 23 | 1.4h, 59
8 Ph/4-OMe-/CsHa4/Ph 1.3i, 25 1.41,74
9 Ph/4-F5C-CsHa/Ph 13j,22 | 14j,63
10 Ph/4-NC-CsH4/Ph 1.3k, 10 | 1.4k, 52
11 Ph/2-thienyl/Ph 131,31 | 1.41,69
12 2-F-CsHa/4-MeO-CsHa/Ph 1.3m, 27 | 1.4m, 45
13 2-F-CeHa/4-NC-CsH4/Ph 1.3n,0 | 1.4n,50
14 2-F-CsH4/3-O2N-CsH4/Ph 1.30,0 140,71
15 4-MeO-CsHa/4-MeO-CeHa4/Ph 1.3p, 27 | 1.4p, 58
16 4-iPr-CsHa/3-Br-CsHa/Ph 1.3q, 12 | 1.4q, 50
Thay déi cac benzoylacetonitrile 1.2
17 Ph/Ph/4-Cl-CsHa 1.3r,15 | 1.4r, 60
18 Ph/Ph/4-Me-Ce¢Ha 135,15 | 1.4s,63
19 Ph/Ph/4-MeO-CeH4 1.3t,17 | 1.4t 65
20 Ph/Ph/3-O2N-CsH4 1.3u,10 | 1.4u,42
21 Ph/Ph/3-CI-CsH4 1.3v,12 | 1l.4v,45
Thay déi ca chalcones 1.1 va benzoylacetonitrile 1.2
22 | 3-MeO-CeHa/4-MeO-CeH4/3-CI-CeHs | 1.3%x, 18 | 1.4x, 42
23 | 3-MeO-CsHa/4-MeO-CeHa/4-MeO-CeHs | 1.3y, 16 | 1.4y, 62
24 4-Me-CgH4/Ph/4-MeO-CsH4 1.3z,16 | 1.4z,60

126




Cac két qua thi nghiém dugc trinh bay trong Bang 3.1. Str dung quy trinh tién
hanh phan ng trong moét binh, cac chalcone 1.1 va benzoylacetonitrile 1.2 da dugc
chuyén hoéa thanh céc 3-cyanothiophene 1.4 (san pham chinh) va 2-aminothiophene
1.3 (san pham phu). Trong tat ca cac truong hop kiém tra, cac 3-cyanothiophene tir
1.4a dén 1.4z déu thu duoc véi hiéu suat tir trung binh téi tét. Trong hau hét cac
truong hop, cac dan xuat 2-aminothiophene 1.3 1a c&c san pham phy caa phan ¢ng va
dé dang dugc phan tach ngoai trir truong hop cua 1.3f, 1.3n va 1.30 (twong tng Véi
thi nghiém 5, 13 va 14). DU chat ¢dau mang cac nhom chirc ¢d thé phan tng vai Se/H2S
nhu NO», CN (cac thi nghiém 2, 10, 13 va 20) hay halogen (F/CI/Br, CF3), phan tng
van dat duoc hiéu qua tong hop twong ddi tét. Picu nay cho thay cac diéu kién cua
phan @ng kha ém diu, thich hgp ngay ca vai cac hop chat mang nhém chirc nhay cam.
Mot s6 loai hop chat da vong thom hay di vong, nhu naphthalene (thi nghiém 6) va
thiophene (thi nghiém 11) cling twong thich vai quy trinh thiophene hdéa mét binh nhur
trén. Mot sé céu trac dai dién cho cac san pham nhu 1.3b, 1.3p, 1.4b, 1.4v va 1.4r
duge xac dinh bang phuong phap nhidu xa don tinh thé tia X.

Tiép theo, dé tim ra phuong phéap kiém soat tét hon hai con dudng phan ung,
C4u triic cling nhu ti 1¢ dwong luong cua base xUc tac dugc thay doi. Anh huong caa
c4c base dén tinh chon loc hda hoc gitra cac nhom CN/CO dugce danh gia bang cach
sir dung cac base khac nhau c6 kha nang kich hoat luu huynh [64]. Két qua dugc tom
tat trong Bang 3.2. Vi viéc st dung 2 duong lwong ciia DABCO 1am base kich thich,
ty 1¢ 1.4a so véi 1.3a cd thé duogc ting 1én dén gan 7 : 1. Cac amin bac ba khac nhu
triethylamine va N-methylpiperidine ciing ¢ thé duoc st dung nhung s& thu duoc ty
16 1.4a : 1.3a thap hon. Biéu thi vi 1a c4c amin bac hai nhu piperidine ciing nhu base
c6 can tro vé mat khdng gian 1a 2,2,6,6-tetramethylpiperidine (TMP) thé hién kha
nang XUc tac cao, tao thanh hai san pham mong mudn véi hiéu suat toan phan rat tét,
tuy nhién ty I¢ giira hai san pham 1.4a : 1.3a chi 12 2 : 1. Trong moi truong hop, mic
di ty & san pham c6 thé thay do6i nhiéu tly thudc vao base dugc sir dung, nhung ty
1& nay déu ting 1én néu str dung lwong base nhiéu hon. Nhitng két qua nay cé thé gidp

ich dé t6i wu hoa hiéu suat thu dugc cho ting loai dan xuét thiophene.
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Bang 3.2. Sur bién doi ti 1é san pham theo cau tric va ti 1¢é mole cia base hoat hoa.

o} o} base (x mol %) o
Ph)J\/\Ph + NC\)J\Ph DMSO (0,2 mL) wph
1.1a 1.2a 80°C., 30 min P ag ©
Sg, 80°C, 16 h |
Ph_, 5 CN l Ph_, 30 Ph
Oﬁ/s@éph * O}}&Hz
" 4a "N 4 .

TN Base (duong luong) Til¢ 1.4a:1.3a Hiéu suat tong
1 DABCO (0,2) 4,0 76%

2 DABCO (0,5) 51 86%

3 DABCO (1,0) 6,1 74%

4 DABCO (2,0) 6,8 86%

5 N-methylpiperidine (0,2) 3,4 85%

6 N-methylpiperidine (0,5) 3,5 80%

7 N-methylpiperidine (1,0) 3,6 83%

8 piperidine (0,2) 2,5 75%

9 piperidine (0,5) 2,8 73%
10 piperidine (1,0) 3,9 52%
11 piperidine (2,0) 5,2 30%
12 NEts (0,2) 3,4 65%
13 NEts (0,5) 3,8 61%
14 TMP (0,2) 1,7 95%
15 TMP (1,0) 2,2 95%

Piéu kién phan ung: chalcone 1.1a (1 mmol), benzoylacetonitrile 1.2a (1,05
mmol), base (x mol %) va DMSO (0,2 mL, 3 mmol) 80°C, 30 min; sau do Sg (64
mg, 1 mmol), 80°C, 16 h. Phan tng duoc tién hanh trong khdng khi véi ng phan
tng 7 mL. Hiéu suat dugc xac dinh tir phd 'H NMR cuaa hdn hop phan tng thd véi
CH2Br2 1am chat chuan noi.
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o)
EtOZC\)J\Ph

(0] 1.5 (1,05 equiv) ] o
Arzlk/ﬂAﬂ DABCO (20 mol %) | o NIV
1.1 Ph
(1 mmol, 1 equiv) DMSO (0.2 mL) Ar? o}
80-120 °C
30 min 1.A3

o L .

1.6a, 65%
120-120 °C 1.6a
CO,Et Ph  CO,Et
1.6b, 53% 1.6¢, 60%
80-120 °C 100-100 °C
4‘_‘./-' /
N ¢\ A ‘*{ =
CO,Et T J
e
I
) Sn D g
ﬂ “‘\I/‘\/”\-\Wﬂ\
1.6e, 75% 6
80-120 °C €

O F
COOEt
O
1.69, 62%
80-120 °C

O F
COOEt
O
1.6f, 63%
80-110 °C

CO,Et

1
Sg Ar. 43
(2 equiv) o ﬂ
— Ph
80-120 °C S

A2
16 h " 46

a Ph/ \COzEt
S g~ ~Ph
o}

1.6j, 78%
80- 80 °C
CO,Et

o) /\
Ph

1 6d, 47%
80-110 °C
OH

CO,Et

s Ph

1.6i, 46%
80-120 °C

1.6h, 61%
80-120 °C

So do 3.4 Sur tao thanh cia cac thiophene-3-carboxylate 1.6.

129



Sau d6, nghién ctru da st dung diéu kién phan ung trén dé mé rong ddi twong
ap dung véi cac benzoylacetate 1.5 thay cho benzoylacetonitrile 1.2 (So d6 3.4).
Trong truong hop nay, do nhém alkoxyl day electron vao nhdm carbonyl theo hiéu
ung lién hop, nguyén tir carbon caa nhdm ester tham gia phan ung véi tac nhan
nucleophile kém hon nguyén tur carbon trong nhém ketone. Boi vay, nhom ester
khong gay canh tranh véi nhém ketone, phan ¢ng chi thu dugc mét san pham duy
nhat 1.6. CAu trlic ciia cac san pham da duoc khing dinh rd rang béi phd cong huong
tir hat nhan H, 13C va phé khéi lugng HRMS.

Déi vai hop chat ethyl 5-benzoyl-2,4-diphenylthiophene-3-carboxylate 1.6a,
trén pho *H NMR quan sat rd tin hiéu cong huong triplet ¢ 0,88 ppm cia CHs, tin
hiéu cong huong quartet ¢ 4,00 ppm cua CH: va céc tin hiéu cong huong 7,62 — 7,56
ppm (m, 5H), 7,44 ppm (dd, J = 5,0, 1,7 Hz, 4H), 7,33 ppm (t, J = 7,4 Hz, 1H), 7,23
— 7,09 ppm (m, 10H) cua ba nhom phenyl (xem Hinh 3.7).

Trén phd 3C NMR cua 1.6a, xuat hién tin hiéu cong huong ¢ 189,6 ppm cua
carbon trong nhom carbonyl ketone, tin hiéu cong huong ¢ 165,1 ppm cua carbon
trong nhom ester, tin hiéu cong hudong ¢ 61,3 ppm cua CHa, tin hiéu cong huong &
13,5 ppm cua CHs va cac tin hiéu 149,5 ppm, 145,8 ppm, 137,5 ppm, 134,7 ppm,
133,4 ppm, 132,8 ppm, 132,4 ppm, 132,3 ppm, 130,4 ppm, 129,9 ppm, 129,7 ppm,
129,6 ppm, 129,5 ppm, 129,3 ppm, 129,2 ppm, 128,8 ppm, 128,7 ppm, 128,3 ppm,
128,0 ppm, 127,9 ppm, 127,8 ppm, 127,7 ppm, 127,5 ppm cua carbon trong cac nhéan
thom (xem Hinh 3.8).

Trén pho HRMS cua 1.6a xuat hién peak dic trung 435,1039 twong ng Véi
manh ion phan ta [M+Na]" C26H2003SNa c6 m/z 435,1031.

Mt khéc, dé dung dich cua 1.6a trong CDCl3 bay hoi cham s& thu duoc cac
don tinh thé. Phan tich nhidu xa don tinh thé tia X xac nhan cau tric cua 1.6a phu
hop V&i cau tao duoc dé xuat tir két qua phd *H NMR va 3C NMR (xem Hinh 3.9).
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Hinh 3.7. Phé *H NMR cua hop chdt ethyl 5-benzoyl-2,4-diphenylthiophene-3-
carboxylate (1.6a)
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Hinh 3.8. Phd 'H NMR cua hep chat ethyl 5-benzoyl-2,4-diphenylthiophene-3-
carboxylate (1.6a)

Hinh 3.9. Cdu tric cia ethyl 5-benzoyl-2,4-diphenylthiophene-3-carboxylate (1.6a)
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Tinh téng quat cua phan tng duoc minh hoa rd hon véi céc chalcone mang
nhiéu nhém thé khac nhau. Trong tat ca cac truong hop duoc Kiém tra déu chi thu
duoc cac dan xuat thiophene-3-carboxylate mong muédn véi hiéu suat trung binh (46—
78%). Cau trdc cua 1.6e ciing da duoc Xac minh rd rang bang phuong phap nhidu xa
tinh thé tia X. Cach tiép can ndy mé ra kha ning diéu ché truc tiép ddi véi cac 2-
arylthiophene-3-carboxylate.

Cubi cing, nghién ctru dé xuét co ché cua phan (ng nham giai thich su hinh
thanh cua 1.3 va 1.4 (So d6 3.5). Trong phan tng, luu huynh duoc kich hoat boi mot
base dan dén 1.C. Sau khi san pham cong Michael 1.A duoc hinh thanh, dang anion
1.B twong tng s€ phan ung vai 1.C tao thanh polysulfua 1.D. Mac du vi tri o cia
nhom cyano va carbonyl (vi tri C2) thuong c6 tinh acid manh hon vi tri methylene
(vi tri C4), nhung carbanion thu dugc khi tch proton tir vi tri methylene (nguyén tir
carbon bac 2) it bi anh huong boi yéu to khong gian hon carbanion hinh thanh & vi
tri C4 (nguyén tir carbon bac 3). Kha nang phan tng cua carbanion 1.B ¢ vi tri C4
cling cao hon carbanion tuong ung ¢ vi tri C2 va do d6 phu hop hon cho qua trinh
lwu huynh hoéa. Sau 46, ¢ giai doan tiép theo, cé thé du doan hai con duong vong hda
khac nhau c6 thé xay ra. Trong khi phan ung trén nhom cyano dan dén 2-
aminothiophene 1.3a thi phan ¢ng tan céng vao nhém benzoyl s& tao thanh 3-
cyanothiophene 1.4a. Cac yéu to khac nhau c6 thé anh hudng dén tinh chon loc cua
phan tng bao gom kiéu nhom thé cua ca hai co chat va sy twong tac cua base (hay
chinh xac hon 1a acid lién hop cua né sinh ra tur phan ang vai H2S dugc tao ra trong
qua trinh phan &ng). Do cau trdc nho va thang, tuong tac khong gian ctia nhém cyano
v6i hai nhém phenyl 1an can trong 1.4a s& yéu. Mat khéc, do lién két hydrogen noi
phén tir gitra nhdm amino ¢ vi tri C2 va nhém benzoyl & vi tri C3 trong 1.3a da dugc
x&c nhan boi cau trdc tinh thé cua 1.3a (cling nhu ctia 1.3b va 1.3p), twong tac khong
gian manh gitta nhém benzoyl & C3 va phenyl & C4 c6 thé xay ra trong 1.3a. Bai vy,
qua trinh vong hda 1.D thanh 1.4a s& dugc wu tién hon so voi 1.3a. RS rang 1a do bén

tuong d6i cua 1.4 so véi 1.3 ¢d thé thay dbi dang ké tly theo ban chat cac nhom thé.

132



CN +
Ph B P X0 BH o g N
1.1a 1.A 1.B
/\' s
B: + S\\s/ ~g—S Sg ~s. /S@
1.C

Ph Ph m N
s =

+BH* ~ c~
Bz ) Bz Bz Bz (vsn

S S -B: ©s \Bz AD
NH, NH Ph' 4 O

1.E 1.D

+B

-BH*

Ph
Bz CN
S OH

Ph

1.1

-H,0 l*s
() K
W,

=0 c’

/ N\ H [\
Bz~ >g” N Bz~ “g~ ~Ph

13a 1.4a

So do 3.5. Co ché dé xuat cho phan ing tao vong thiophene.
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3.2 Tong hep cac 3-arylquinoxaline-2-thione

Nhu di biét, phwong phap tong hop b khung quinoxaline sir dung céc alkyne
lam chét dau da dat dugc nhiéu két qua dang chu ¥. Thong thuong, bude dau dién ra
qua trinh oxy hoa lién két C=C cua alkyne dé thu dwgc céc hop chét 1,2-dicarbonyl,
sau d6 phan ¢ng vai o-phenylenediamine dé tao ra 3H-quinoxaline 2.3’ (So d 3.6).
Do kha ning phan tng thap giira lién két ba kém hoat dong trong phenylacetylene va
N-nucleophile nén trong céc nghién cau trude ddy, phic kim loai chuyén tiép va chat
oXy hoa N-oxide nhu {PhsPAuUNTf/O2 [24] va [AuCI(PhsP)]/AgSbFe/6-
methoxyquinoline N-oxide [89] da duoc sir dung dé xUc tac qué trinh oxy hoa céc
lien két C=C. Pé tranh qua trinh oxy hoa céac diamine 2.1, phan ung tong hop
quinoxaline duoc thyc hién theo hai budc riéng biét: oxy hda cac hop chat alkyne 2.2

thanh 1,2-dicarbonyl va ngung tu véi cac diamine 2.1.

O,, CuCl
l (@ f
xuc tac
I, (2 equiv) Au, Ag hay Cu

DMSO H

hay I,/TBHP NH2 I 5 N. _S
8
hay TsNBr, ‘ I

Ar DMSO / base N” Ar

21 2.2 23

So do 3.6. Diamine hoa, oxy hda cac alkyne 2.2 véi diamine 2.1.

Nguoc lai, viéc str dung cac hé oxy hoa dua trén halogen nhu phan tir iodine
véi ti 1€ hop thure [100] hodc véi lugng xdc tac (khi do tert-butyl hydroperoxide TBHP
la chat oxy hda) [97] ciing nhu TsNBr2 [33] cho phép oxy hda ghép mach tryc tiép
2.2 v6i 2.1 dé tao ra 2.3". Biéu tha vi 1a Hwang va cong su da phét hién ra rang voi
su ¢6 mit cua chat xuc tac CuCl, alkynes 2.2 trai qua qué trinh oxy hoa va diamine
hoa véi diamine 2.1 khi chiéu xa dén LED anh sang xanh trong khong khi dé tao ra
quinoxalin-2-ones 2.3" [82].

Luu huynh tir 1au da dugc chitng minh Ia mét tdc nhéan linh hoat va manh mé

dé thiic day cac qua trinh bién doi ndi tiép khac nhau. Pon chat nay cung cap kha
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ning téng hop truc tiép cac phan tir c6 gié tri, chira hoic khong chia lwu huynh, voi
hiéu suat str dung nguyén tir ciing nhu hiéu suat tong hop toan phan cao. Nhém nghién
ctru cua T.S Nguyén Thanh Binh d3 bao cdo vé phan ung khdng can xuc tac cua
alkyne véi alkylamine va luu huynh tao ra thioamide 2.7 véi hiéu suat nguyén tir hoan
toan (So dd 3.7) [69]. Ngudi ta cling da chirng minh rang khi st dung kém thém véi
DMSO, kha ning hoat dong cua luu huynh ting 1én dang ké va phan tng c6 thé duoc
thue hién & nhiét do thap hon. Hon nita, trong nhing truong hop ndy, DMSO c¢6 thé
dong vai tro nhu mét tdc nhan oxy hoa/dehydro hoa chon loc [66].

|| Sg AlkHN___S
AIKNH,  +
Ar pyridine

o Ar
2.2 115°C 2.7

So do 3.7. Phan ing cua alkyne Véi alkylamine va leu hupnh.

Do d6, viéc sir dung luu huynh thay cho oxygen trong phan ng oxy héa hiéu
khi ghép mach, xuc tac bang hop chat chaa kim loai chuyén tiép giita céc
phenylacetylene 2.2 va o-phenylenediamine 2.1 la mot phuong an dang xem xét va
kha thi. Luu huynh khi dugc hoat héa bang base thich hop va DMSO, ¢6 thé cong
vao lién két ba C=C kém hoat dong, tir d6 kich hoat céc qua trinh oxy hoa va amine
hoa néi tiép nhau. Khi dé, lwu huynh vira 13 tac nhan cung cip ngudn luu huynh vira
la chat oxy hoa két thiic mach cho chudi phan ang oxy hoa khir.

Nhu vay, hoan toan c¢é co sé dé du doan kha niang xay ra phan tng ghép mach
truc tiép 2.1 véi 2.2 sir dung luu huynh 1am nguén cung nguyén tir va chat oxy hoa
ré tién, dé dung ma khéng can x(c tac chtra kim loai chuyén tiép.

DMSO
@NHZ |‘| y equiv) @
NH, Ph base
2.1a 2.2a (z equiv)

1,2 equiv 1equiv (xequiv) T°C,16h

2.3aa

So do 3.8. Khao sat phan ing tong hop ddn xudt quinoxaline.
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Dé xac nhan gia thuyét nghién ciru, phan tng giira 2.1a va 2.2a véi luu huynh

lam nguén cung luu huynh va DMSO 1am chét oxy hoa duoc kiém tra trong mot s6

diéu kién khac nhau (So d6 3.8). Két qua thi nghiém dugc trinh bay trong bang 3.3.

Bang 3.3. Khdo sdt diéu kién phdn #ng tong hop ddn xudt quinoxaline.

N Sulfur | DMSO base T | Hiéusuat
(equiv) | (equiv) (equiv) (°C) (%) P
1 1,5 3 N-methylpiperidine (1) 80 85
2 15 3 NEts (1) 80 78
3 15 3 NPrs (1) 80 80
4 1,5 3 DIPEA (1) 80 75
5 1,5 3 pyridine (1) 80 vét
6 1,5 3 3-picoline (1) 80 vét
7 1,5 3 piperidine (1) 80 35
8 1,5 3 N-methylpiperidine (1) 60 30
9 1,5 3 N-methylpiperidine (0,5) 80 75
10 1,5 3 N-methylpiperidine (0,2) 80 44
11 1,5 3 N-methylpiperidine (0,1) 80 15
12 15 3 DABCO (0,2) 80 87
13 1,5 3 DABCO (0,1) 80 51
14 15 6 DABCO (0,2) 80 32
15 15 2 DABCO (0,2) 80 56
16 1,0 3 DABCO (0,2) 80 65
17 2 3 DABCO (0,2) 80 86

tho thu duoc.

2 Piéu kién phan tng: o-phenylenediamine 2.1a (1 equiv, 1 mmol, 108 mg),
phenylacetylene 2.2a (1,2 equiv, 1,2 mmol, 122 mg), sulfur (x equiv, 32 mg
mmol 1) base (z equiv) trong DMSO (y equiv, 1,1 g/mL). ® Hiéu suat thu dwoc cua
2.3aa sau khi tinh ché bang sic ky cot. ¢ Xac dinh bang phé 'H NMR cua hdn hop
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Vai sy cO0 mat cua base nhu N-methylpiperidine theo ti 1€ hop thuc,
quinoxaline 2.3aa thu dugc véi hiéu suat tét khi dun nong ¢ 80°C (thi nghiém 1). San
pham thu duogc c6 d6 tinh khiét cao, d& dang duoc phan 1ap bang cach két taa tir hdn
hop san pham thd bang methanol.

CAu trdc cua san pham 3-phenylquinoxaline-2(1H)-thione (2.3aa) da duoc xac
dinh r& rang. Trén phd *H NMR cua 2.3aa, quan sét thay tin hiéu cong huéng & 14,49
ppm cua NH va céc tin hiéu cong huong 7,88 — 7,86 ppm (m, 1H), 7,86 — 7,80 ppm
(m, 2H), 7,65 ppm (td, J=7,7, 7,1, 1,4 Hz, 1H), 7,60 ppm (dd, J = 8,3, 1,4 Hz, 1H),
7,49 — 7,40 ppm (m, 4H) ctia cac nhan thom (xem Hinh 3.10).

Ph6 3C NMR cuia 2.3aa thu duoc bang ki thuat J-MOD tuong ty nhu DEPT
(Distortionless Enhancement by Polarization Transfer). Ki thuat nay cho phép thu
duoc phd trong d6 cac tin hiéu cia nhdm methylene hoac carbon bac bon sé ngugc
pha v&i céc tin hiéu caa nhém methyl va carbon bac ba. Trén pho 3C NMR cua 2.3aa
Xuat hién tin hiéu cong huong ¢ 179,6 ppm cua C=S, céc tin hiéu cong huong ¢ 165,4
ppm, 143,8 ppm, 140,6 ppm, 137,1 ppm ciia cac nguyén tir carbon bac bdn, cac tin
hi¢u 136,4 ppm, 134,7 ppm, 134,6 ppm, 134,3 ppm, 134,0 ppm, 133,9 ppm, 132,4
ppm, 131,1 ppm, 120,8 ppm ctia nhém CH trong cac vong benzene (xem Hinh 3.11).
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Hinh 3.10. Phé *H NMR cza 3-phenylquinoxaline-2(1H)-thione (2.3aa).
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Hinh 3.11. Phé 3C NMR cua 3-phenylquinoxaline-2(1H)-thione (2.3aa).

Dé lau dung dich cua 3-phenylquinoxaline-2(1H)-thione (2.3aa) trong dung
mo6i DMSO xuét hién tinh thé hinh kim, thich hop dé phan tich nhiéu xa don tinh thé
tia X. Sau khi phan tich dir liéu nhiéu xa thu dugc cu trdc phan tir dung véi du doan
(xem Hinh 3.12). Nhu vay, su hinh thanh ciia san pham 2.3aa tir phan g da dugc
khang dinh chac chan.

Hinh 3.12. Ca4u trlc phan ti ciia 3-phenylquinoxaline-2(1H)-thione (2.3aa).
Cac amin bac ba khac co tinh base twong ty ciing 1a chat x(c tac ¢6 hidu qua
(thi nghiém 2 dén 4). Nguoc lai, céc base yéu hon (pyridine va 3-picoline) hoat dong
khong hiéu qua (tuong ng véi thi nghiém 5 va 6). Piperidine khong thich hop dé 1am

chat xtc tac vi s& thu dugc N-(phenylthioacetyl)piperidine 1 san pham chinh do phan
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ung cong cua luu huynh va piperidine vao phenylacetylene (thi nghiém 7). Khi phan
g dugc thuc hién ¢ nhiét do thap hon (60°C), tbc d6 bi cham lai dang ké nhung san
pham van cé thé duoc tach ra bang phwong phép loc rira don gian du hiéu suat phan
g thap hon (thi nghiém 8).

O giai doan tiép theo, nghién ctru tap trung chi y vao viéc giam luong x(c tac
base can sir dung. Khi lugng N-methylpiperidine giam di, hiéu sut phan ung giam
dan (thi nghiém 9 dén 11). Nhu da biét, DABCO la mét base dang ran d& xu ly va da
dugc chitng minh ¢6 kha ning xuc tac tét cho nhiéu phan ang sunfur héa st dung luu
huynh. Vi thé, DABCO duoc chon dé thay thé N-methylpiperidine véi duong luong
thap hon (thi nghiém 12 va 13) va da cho thay hiéu qua rat tét. Cudi ciing, bang cch
thay doi dwong luwong lwu huynh va DMSO (thi nghiém 13 dén 17), nghién cau da
xac dinh duoc diéu kién t6i wu héa cho phan tng bao gom sir dung sulfur (1,5 equiv),
DMSO (3 equiv) va DABCO (0,2 equiv) (thi nghiém 12).

Véi cac diéu kién tdi wu hoa da xac dinh duoc (thi nghiém 12, Bang 3.3),
nghién cau tiép tuc khao sat pham vi cua phan ung oxy hoa diamine héa bang luu
huynh cua céc phenylacetylene 2.2 (So d6 3.9). Ciu tao cua cac san pham
quinoxaline-2-thione dugc Xac nhan rd rang bang cac pho *H NMR, 3C NMR, phd
khdi (HRMS). Céc phenylacetylene mang nhém thé day hozc hat electron phan tng
vé6i 0-phenylenediamine 2.1a tao ra san pham vai hiéu suat tir 51 dén 96% khi luong
chat dau sir dung khoang 1 mmol. Céc nhém thé cd thé nam & vi tri ortho, meta hoic
para cua vong phenyl trong chat nén acetylene.

Céc diéu kién phan ung twong dbi 6n hoa cho phép phuong phép tong hop c6
tinh chon loc héa hoc cao. Vi du, cac nhém chirc nhu alkoxy (2.3ae-2.3ag, ¢d thé bi
sulfo hoa nhan thom) va cyano (2.3a0, ¢d thé bi hydrosulfur hoa véi H,S) van tham
gia tét vao phan ang. Cac nhém chic hay dung trong tong hop, bao gém F, Cl va Br
(2.3ah-2.3ak), ciing twong thich tot véi diéu kién phan tng (So d6 3.9). Cau trdc cua
2.3al da duoc xac nhan rd rang bang phuong phap nhiéu xa tinh thé tia X. Dan xuat
di vong 3-ethynylpyridine 2.2p 12 mot chat nén hiéu qua dé tao ra quinoxaline 2.3ap

V6i hiéu suat tot. Bén canh do, nghién ctru ¢3 mo rong pham vi phan @ng st dung
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4,5-dimethyl-o-phenylenediamine 2.1b, két qua cho thiy phan wng xay ra theo céch

tuong tu tao ra cac quinoxaline 2.3bc-2.3bo.

R——

(1

@i@ /W\/\’)\*

N NH,
+ ———Ar +
= NH,
21 2.2
,2 equiv) (1 equiv)

H
N S
CLX
N Ar
Ar = EDG-C6H4
2.3ab, Ar = 4-MeCgHy, 76%
2.3ac, Ar = 3-MeCgHy4, 63%
2.3ad, Ar = 4-n-PentCgH,, 68%
2.3ae, Ar = 4-MeOCgHy4, 82%
2.3af, Ar = 3-MeOCgHy, 74%
2.3ag, Ar = 2-MeOCgHy, 91%

Ar = Halo-CgHg,
2.3ah, Ar = 4-FCgH,, 88%
2.3ai, Ar = 4-CICgH,, 96%
2.3aj, Ar = 3-CICgH4, 71%
2.3ak, Ar = 4-BrCgHy4, 82%

Ar = EWG-CGH4
2.3al, Ar = 4-F,CCgHy, 64%

DMSO (3 equw)

Sg

DABCO (20 mol %
80°C, 16h

(1,5 equiv)

2.3am, Ar = 4—M602006H4, 66%

2.3an, Ar = 3-M602006H4, 73%
2.3a0, Ar = 4-NCCgHy4, 65%

/\/\/

2.3al, 64%

2.3al

S0y

23

H
Me N S
T X

Me N Ar

Ar = EDG-C6H4
2.3bb, Ar = 4-MeCgHy4, 82%
2.3bc, Ar = 3-MeCgHy, 58%
2.3bd, Ar = 4-n-PentCgHy4, 77%
2.3be, Ar = 4-MeOCgHy, 81%
2.3bf, Ar = 3-MeOCgH4, 71%
2.3bg, Ar = 2-MeOCgH4, 69%

Ar = Halo-CgH,
23bh, Ar = 4-FC6H4, 91%
2.3bi, Ar = 4-CICgH,4, 88%
2.3bj, Ar = 3-CICgH4, 70%
2.3bk, Ar = 4-BrCgHy, 91%

Ar = EWG-C6H4
2.3bl, Ar = 4-F5CCgH,, 51%
2.3bm, Ar = 4—M802CC6H4, 64%
23bn, Ar = 3-MeO2CCGH4, 64%
2.3bo, Ar = 4-NCCgHy, 69%

R =H, 2.3ap, 70/:>I;ENj
R = Me, 2.3bp, 62%

So d6 3.9. Khao sat pham vi cia phan i#ng véi diamine dai xing.

Khi céc o-phenylenediamine khong d6i xing, mang nhom thé alkyl nhu nhom
4-methyl hoac 3-methyl (2.1c-2.1d) phan (ng véi phenylacetylene 2.2a, thi cac
quinoxaline trong ng 2.3ca va 2.3da duoc tao thanh ¢ hiéu suat tot vai ti 16 cua hai
d6ng phan cau tao trong hdn hop 1a khoang 2:1. Tuy nhién, o-phenylenediamine mang

hai nhom metyl & vi tri 3 va 4 (3,4-dimethyl-o-phenylenediamine 2.1e) hoac nhom
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hat electron ¢ vi tri 4 nhu ester carboxylate (2.1f) hoac benzoyl (2.1g) chi tao ra mét
ddng phan cau tao (2.3eb, 2.3¢ek, 2.3fa, 2.3fl va 2.3gk). Cau trdc cua 2.3ek dugc xac
nhan cu thé bing phuong phap nhidu Xa tinh thé tia X, cho thay hai nhém methyl nim
& vi tri C5 va C6 (So dd 3.10). Nguoc lai, cac alkyne c6 ndi ba lién két véi goc
hydrocarbon no (cyclohexylacetylene va 1-octyne) hoic c6 néi ba nam giira mach (1-
phenylpropyne va diphenylacetylene) khong thé phan @ng trong diéu kién nghién
ctiu, ¢6 thé do d6 phan cuc thap hodc d6 can tra khdng gian cao cua cac nhém gan

véi lién két ba trong cac phan tir trén.

H
A NH2 DMSO (3 equiv) LN
R—— + =——Ar + S R—— :/(
Z > NH, DABCO (20 mol %) NN Ar
80°C, 16h
(1,5 equiv) 23

2.1 2.2
(1,2 equiv) (1 equiv)

8 H
N__S
Me{j I 2.3ca, 6-Me va 7-Me (2 : 1), 70%
! > 2.3da, 5-Me va 8-Me (2 : 1), 58%
6 5/ N~ Ph (2:1). 58%

H
N S
6 — <7
Me 5 N ‘\\I_\‘.ﬂ ‘Wl
Me ) - P
R &

2.3eb. R = Me, 52% 2.3ek
2.3ek, R = CF,, 59%

H N s
. =X
_ |
R CF

0,
2.3fa, R = H, 50% 2.3gk, 59%
2.3fl, R = CF3, 56%

3

So do 3.10. Khdo sat pham vi cua phan #ng véi diamine khdng doi xing.
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NH, DABCO (20 mol %) N, Ph
+ =—Ph + S . S—/
NH, 80°C, 16h ” (eq. 1)

21a 2.2a :
2.4, 65%
(1.2 equiv) (1 equiv) (1,5 equiv) o
NH, DMSO (3 equiv) U
. S thu hoi lai 2.1a (eq. 2)
NH, DABCO (20 mol %)
80°C, 16h
2.1a - ’
(1.2 equiv) 1,5 equiv

DABCO (20 mol %)

Ph s
—Ph + Sg \[ ) —\ (eq. 3)
S Ph

DMSO
80°C, 16h
2.2a . ’
2.5, 45%
(1 equiv) 1,5 equiv (
)
DABCO (x mol %)
PhNH, + =—ph + Sg - )
DMSO (3 equiv) PhHN Ph
) 2.2 .
1,2 equiv ’ eqjiv) 1,5 equiv 80°C, 16h 274 x = 0.2: 45% (eq. 4a)
x=0;0% (eq.4b)
o)
DABCO (20 mol %) S s 0O
PhNH, + Me)J\Ph + S — Y+ M4 (ea9
DMSO (z equiv) PhHN ~ Ph PhHN  Ph
_ 2.8 80°C, 16h
1.2equiv (1 equiv) Y equiv y z 2.7a 2.9

1 0 vét 0 (eq. 5a)
4 0 20% 0 (e9. 5b)
15 3 vét 40%  (eq. 5¢)

So do 3.11. Cac thi nghiém kiém chitng co ché phan ing tao vong quinoxaline.

Pé tim hiéu co ché phan ng, nghién ctru da tién hanh mot sé thi nghiém kiém
chang. Khi khéng c6 DMSO lam chat oxy hoa, phan ang cia 2.1a véi 2.2a dan dén
benzimidazole 2.4 nhu di duoc bao cdo Véi cac amine béo (eq. 1, So dd 3.11) [69].
Két qua nay nhan manh tam quan trong caa DMSO 1a mét chat oxy hoa dic hiéu di
véi su hinh thanh caa quinoxaline 2.3aa.

Trong khi 2.1a kha 6n dinh, khong thay d6i khi khéng c6 mit 2.2a (eq. 2, So
d6 3.11) thi alkyne 2.2a trai qua qua trinh dimer sulfur hoa tao thanh 1,3-dithiole 2.5
khi dun néng véi luu huynh va DABCO (eq. 3, So d6 3.11). Pé lau dung dich cua 2.5
trong DMSO xuat hién tinh thé mau vang. Cau tric san pham 2.5 sinh ra da duoc
khang dinh tir két qua nhidu xa don tinh thé tia X (xem Hinh 3.13).
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Hinh 3.13. Cdu trdc phan tiz (E)-2-benzylidene-4-phenyl-1,3-dithiole (2.5)
Quaé trinh dimer hda 2.2a xay ra ngay ca khi khéng c6 mat DMSO hoac trong
cac dung mdi khac (N-methylpyrrolidin-2-one va pyridine). Mot thi nghiém kiém soat
b sung dé so sanh kha ning phan ¢ng giira phenylacetylene 2.2a va acetophenone
2.8 (eq. 4 va 5, So do 3.11) da duoc tién hanh. Trong trudng hop cua 2.2a, budc quan
trong dau tién 1a qua trinh cong luu huynh vao lién két ba. Trong khi ¢ truong hop
cua 2.8, budc dau la sy hinh thanh lién két C=N thong qua su ngung tu imine cia 2.8

véi nhom amino cua 2.1a [63].

25
B: = DABCO ® o T T
_ _ o
® (N =——Ph 0O H - B "™~g
B:+Sg —>= B.__S B. s )C -~ _c”>pn
§Sg® 5o SN o
2.A 2.B 2.c
21a l
m Ph . @ /Sn\S/B Ph C @--H
7 NH -Hss, S <~ NH 2.2a \Q(
HN .
\[ j - B:
2.F 2.E 2D
g ho vong héa khéng l
vong hoa ;
pe DMSO sulfur héa l
st > Sn
2.3aa - DMS, - H,0 2.4

So d6 3.12. Co ché dé xuat cho phan #ng tao vong quinoxaline.

Trén co so nhitng két qua thu duoc, nghién ctru da dé xuét co ché thich hop
cho phan tng (So d6 3.12). Polysulfide 2.A c6 tinh nucleophile cao dugc hinh thanh
tir phan tng DABCO mé vong Ss. Ban dau, lién két ba cua alkyne 2.2a tham gia qua
trinh cong vai 2.A dé tao ra polysulfide 2.B. Tiép theo, sy phan manh caa 2.B sé& tao
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thanh thioketene 2.C. Khi khéng c6 tac nhan N-nucleophile, 2.C bi dimer hoa thanh
1,3-dithiole 2.5. Nguoc lai, 2.C s€ phan tng véi o-phenylenediamine 2.1a sinh ra
enethiolate 2.D duogc 6n dinh bang lién két hydrogen néi phan tir giira thiolate va
nhom o-NH. tu do. Lién két hydrogen noi phan tir s& khdng xuat hién néu aniline
duoc sir dung thay cho o-phenylenediamine 2.1a. Thuc té, thioamide 2.7a twong d6i
bén véi qua trinh oxy hoa thanh oxo thioamide 2.9 bang DMSO (eq. 5, So db 3.11).
Viéc 6n dinh ene-thiolate 2.D bang lién két hydrogen noi phan tir sé tao diéu kién
thuan lgi cho qué trinh oxy hoa tiép theo dé tao thanh thione thioamide 2.F tir 2.A
théng qua polysulfide 2.E. Vong hoa 2.F s¢ tao ra 2.3aa. Vai tro cuaa DMSO la tai tao
Iru huynh tir H2S hinh thanh trong sudt qua trinh va thac day su oxy hoéa 2.D thanh
2.F bang cach ting cudng kha ning phan tng oxy hoa caa 2.A thay vi vong héa 2.D
thanh 2.4 ma khéng cd bat ky qua trinh oxy hoa bo sung nao.

Cubi cling, nghién ciu da thu dugc mot sé két qua cho thay tiém nang phat
trién cua phan ung. Khi st dung o-bromophenylacetylene 2.10 1am chat dau alkyne
dé phan tng voi o-phenylenediamine 2.1a c6 mat 2 duong luong triethylamine 1am
base s& thu duoc hop chit da di vong ngung tu benzo[4,5]thieno[2,3-b]quinoxaline
2.6 véi hiéu suat trung binh (So d6 3.13).

NH, [ Br DMSO (3 equiv)
SUETIE Ol
NH, NEt; (2 equiv)
80°C, 16 h
2.10 . 2.6,49%
21a (1 equiv) (2 equiv)

So do 3.13. Tong hop benzo[4,5]thieno[2,3-b]quinoxaline 2.6.

Trén pho 'H NMR cua hop chat benzo[4,5]thieno[2,3-b]quinoxaline (2.6) xuat
hién céc tin hiéu ¢ 8,60 ppm (dd, J = 7,7, 1,5 Hz, 1H), 8,34 — 8,26 ppm (m, 1H), 8,22
— 8,13 ppm (m, 1H), 7,92 — 7,87 ppm (m, 1H), 7,87 — 7,78 ppm (m, 2H), 7,69 ppm
(td, J=7,6, 1,5 Hz, 1H), 7,60 ppm (td, J = 7,5, 1,2 Hz, 1H) cua cac nhan thom (xem
Hinh 3.14).

Trén phd 3C NMR cua 2.6 xuat hién 14 tin hiéu lan luot ¢ 157,3 ppm, 147,8
ppm, 141,4 ppm, 140,5 ppm, 140,0 ppm, 131,4 ppm, 130,9 ppm, 129,7 ppm, 129,5
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ppm, 129,0 ppm, 128,3 ppm, 125,7 ppm, 124,4 ppm, 123,5 ppm tuong tng véi 14
nguyén tir carbon khac nhau trong 2.6 (xem Hinh 3.15).

Trén phd HRMS cua 2.6 xuét hién peak dic trung 237,0489 twong ¢tng Vi
manh ion phan ti [M+Na]* C14HgN2S c6 m/z 237,0486.
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Hinh 3.15. Phé 3C NMR cua hop chat benzo[4,5]thieno[2,3-b]quinoxaline 2.6.
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CAu tric cua san pham benzo[4,5]thieno[2,3-b]quinoxaline 2.6 ciing da duoc

khang dinh rd rang tir két qua phan tich nhidu xa don tinh thé tia X (xem Hinh 3.16).

i 3

Hinh 3.16. Cdu tric phan tiz benzo[4,5]thieno[2,3-b]quinoxaline (2.6).

Tiép theo, nghién ctru cho thay mot s6 hop chit cd thé dong vai tro 1a chat dau

/

thay thé phenylacetylene nhu dan xuat styrene 2.12a hoac cinnamic acid 2.12b. Mic
di 6 trang thai oxy hoa thap hon nhung 2.12a va 2.12b ciing ¢6 kha ning phan ung
tuong tu 2.2a, trong d6 budce dau tién 12 qué trinh cong sulfur vao lién két doi (So d6
3.14). Ca 2.12a va 2.12b déu phan tng véi 2.1a trong cac diéu kién co diéu chinh dé
thu dugc 3-phenylquinoxaline-2(1H)-thione (2.3aa). Trong truong hop cta cinnamic
acid 2.12b, N-methylpiperidine c6 tinh base manh hon dugc sir dung dé thay thé
DABCO. Céc két qua nay da mé ra nhirg hudng di méi cho viéc tong hop bo khung
quinoxaline véi su lya chon linh hoat vé nguyén liéu ban dau.

NH, DMSO (3 equw)

+ R\/\ + S
Ph 8 base (z equiv)
NH, 9

80°C, 16 h

212

21a (1,2 equiv) (2 equiv) 2.3aa

2.12a, R = H, DABCO (0,2 equiv), 52%
2.12b, R = CO,H, N-methylpiperidine (1,5 equiv), 35%

So do 3.14. Tong hop 3-phenylquinoxaline-2(1H)-thione (2.3aa) tir cac alkene.

146



3.3 Tong hop cac dan xuét furan da nhém thé

Nham thu duoc cac furan da nhém thé mot cach hiéu qua, nghién ciru da huéng
t6i xay dung mot phuong phap téng hop mai thdng qua qué trinh vong héa oxy hoa
cac pentan-1,5-dione bang Ss/DMSO. Hop chét dione ban dau cé thé duoc téng hop
dé dang bang phan ung cong Michael gitta cac deoxybenzoin va chalcone sin cé.
Mic du ¢6 cdu trac don gian nhung chalcone van Ia chat nén duoc st dung rong rai
dé phat trién cac phan tng domino. Trong d6, san pham cong 3.A” cua chalcone 3.1
Vi céc nucleophile nhu benzoylacetonitrile 3.2° ¢6 thé thu dugc dé dang tai chd. Hop
chat 3.A° da duoc ching minh 12 tién chat rat tot cho quéa trinh tdng hop céc thiophene
da nhom thé 3.4 sir dung Sg trong DMSO (xem phan 3.1). Khi d6, Ss vira I tac nhan
sulfur héa vira la chit oxy hoa (So d6 3.15). San pham 3.A hinh thanh tir phan ¢ng
cong Michael giira chalcone 3.1 véi hop chat deoxybenzoin 3.2 dong vai tro nhu mot
tac nhan C-nucleophile tiém nang. Theo logic, 3.A s& c6 kha ning tham gia vao qua
trinh domino tuong tu nhu 3.A” v&i Se/DMSO do cung chira doan mach pentan-1,5-
dione mang cac nhom aryl. Tuy nhién, trong c4c thi nghiém duoc tién hanh, san pham
thue té thu duoc chi c6 furan 3.3. Két qua nay da thiic day qua trinh nghién cau mot
chién lugc téng hop mai hiéu qua cho cac hop chét furan da nhoém thé dya trén tac
nhan S/ DMSO.

EtO,C/INC_  Ar

Ar’ \ 0 — - I\ A
N " e s o
Ar 1 ay LUz 3.4
3.1 1. base Ar. Ar 2. SS
+ —_—
(@] O base ' 1
0 , | Dpmso Ar Ar
A)J\/R Ar R=Ar I\ A
r _—
3.A", R=CN Et ArT S0
3.2, R=CN 3_A’R:ACr. €02 33 O
hay CO,Et ’ )
3.2, R=Ar

So do 3.15. Sur khac biét trong phdn ing cuia S vdi 3.A va 3.4,
Dau tién, nghién cau tap trung téi wu hoa cac diéu kién phan ung théng qua
phan ung gitra chalcone 3.1a (1 equiv) va deoxybenzoin 3.2a (1,2 equiv). Mac du

deoxybenzoin 3.2a 14 mot nuclephile yéu, nhung DBU di cho thay kha ning xtic tac
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rat hiéu qua dé tao thanh san pham cong 3.A1. Khi dun néng hdn hop 3.1a va 3.2a
(1,02 equiv) véi DBU 10% mol ciing DMSO & 80°C trong 2 h thu dugc san pham
cong 3.A1. Bé don gian hoa quy trinh tong hop, qua trinh tinh ché 3.A1 duoc b qua.

Bang 3.4. Khdo sdt diéu kién phan #ng tong hop dan xudt furan.

1. DBU (10 mol%) Ph Ph

ph—\\_/<o . j\/ . DMSO, 80°C, 2h) _ .
Ph Ph 2. Sg (x mmol) Ph™ g
3.1a 3.2a base (20 mol%) 33a ©
(1 equiv) (1,02 equiv) 120°C, 16 h

TN Sulfur (x mmol) Base (y mmol) T(°C) | Hiéu suat (%)?
1 1 - 80 0
2 1 DABCO (0,5) 80 30
3 1 Piperidine (0,5) 80 38
4 1 TMP (0,5)° 80 24
5 1 DABCO (0,5) 100 46
6 1 Piperidine (0,5) 100 20
7 1 DABCO (0,5) 120 58
8 1 DABCO (1) 120 63
9 1 DABCO (2) 120 52
10 2 DABCO (1) 120 76

Piéu kién phan ung: (1) 3.1a (1 mmol, 208 mg), 3.2a (1,02 equiv, 200 mg) va DBU
(15 mg, 10 mol %) trong DMSO (0,4 mL) & 80°C trong 2 h dudi khi quyén Ar; (2)
Sulfur (x mmol, 32 mg.mmol™) va base (y mmol) & T °C trong 16 h. 2 Hiéu suat
cua 3.3a tinh ché bang sic ky cot. ® Xac dinh bang phé H NMR hén hop thd. ¢
TMP: 2,2,6,6-tetramethylpiperidine.

Nghién ciru diéu kién téi uu hoa cho qua trinh oxy hoéa bang luu huynh dé
chuyén 3.A1 thanh 3.3a dugc thuc hién truc tiép vai hdn hop phan @ng thd (Bang
3.4). Thém tiép luu huynh (1 equiv) vao hdn hop thu dugc trong 6ng sau phan tng
cong Michael, day kin 6ng roi dun nong va giir ¢ nhiét d6 cé dinh. Néu ¢ 80°C, DBU
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con du khéng dem lai hiéu qua cao cho qua trinh hinh thanh 3.3a. C6 thé do DBU da
bi phan hity bai phan tng vai luu huynh (thi nghiém 1). Tuy nhién, viéc bd sung thém
mot base nitrogen khac nhu DABCO, piperidine hoac 2,2,6,6-tetramethylpiperidine
(TMP) dan dén sy tao thanh 3.3a vai hiéu suat trung binh 24-30% (thi nghiém 2 dén
4). Phd 'H NMR cua hdn hop san pham thd cho thiy su ton tai mot lwong san pham
cong 3.Al khéng phan img. Do d6, phan trng duoc khao sat ¢ nhitng nhiét 46 cao hon
(100-120°C) (thi nghiém 5 dén 7) va da mang lai hiéu suat t5t hon véi DABCO (thi
nghiém 5 va 7). Nghién ctu tiép tuc tim diéu kién t6i uvu hoa lugng DABCO va luu
huynh sir dung (thi nghiém 8 dén 10). Nhin chung, cac diéu kién téi uvu hoa dat duoc
khi thuc hién phan itng mot binh hai giai doan nhu trong thi nghiém 10: Giai doan 1
tron 3.1a (1 mmol), 3.2a (1,2 equiv) va DBU (10 mol%) véi DMSO (0,2 mL) rdi dun
nong ¢ 80°C trong 30 min; Giai doan 2 cho thém sulfur (2 equiv) va DABCO (2
equiv) roi dun ¢ 120°C trong 16 h. Trong diéu kién nay, hiéu suat cia san pham furan
3.3a sau khi phan lap dat 76%. Mt khac, khi khong cho luu huynh vao hon hop sé
khong c6 sy tao thanh 3.3a (kiém tra bang pho *H NMR cua hdon hop thd).

CAu tric san pham sinh ra da duoc xac dinh rd rang. Trén phé 'H NMR cua
hop chat phenyl(3,4,5-triphenylfuran-2-yl)methanone (3.3a) ¢ thé quan sat thay cac
tin hiéu cong huong & 7,96 ppm (d, J = 7,6 Hz, 2H), 7,55 — 7,45 ppm (m, 3H), 7,39
ppm (t, J = 7,6 Hz, 2H), 7,35 — 7,27 ppm (m, 6H), 7,16 ppm (p, J =7,0, 6,5 Hz, 7H)
ctia bon nhém phenyl (xem Hinh 3.17).

Trén pho 3C NMR cua 3.3a thu duoc tin hiéu ¢ 183,4 ppm ciia nhdm carbonyl
(C=0) trong phén tr, cung véi 18 tin hiéu ¢ 151,6 ppm, 146,2 ppm, 137,8 ppm, 137,2
ppm, 132,1 ppm, 131,9 ppm, 131,2 ppm, 130,5 ppm, 130,2 ppm, 129,7 ppm, 128,8
ppm, 128,6 ppm, 128,5 ppm, 128,0 ppm, 127,7 ppm, 127,6 ppm, 126,8 ppm, 125,4
ppm tuong tng véi 18 nguyén tir carbon trong cic vong thom (xem Hinh 3.18).

Trén pho HRMS cua 3.3a xuat hién peak dic trung 423,1372 twong ung V6i
manh ion phan ta [M+Na]" C29H20NaO2 c6 m/z 423,1361.
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Hinh 3.17. Phé 'H NMR cua phenyl(3,4,5-triphenylfuran-2-yl)methanone (3.3a)
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Hinh 3.18. Phé 3C NMR cua phenyl(3,4,5-triphenylfuran-2-yl)methanone (3.3a)
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Ar1—\\_/<o o
+ ]
Ar)J\/ Ar

Ar?
3.1
(1 equiv)

Thay d&i chalcone 3.1

I~
\_4{ pn

ph. [\

o Ph
@)

3.3b, R = p-Me, 69%

3.3c, R = p-iPr, 67%

3.3d, R = 0-Me, 67%

3.3e, R=m-Cl, 68%

3.3f, R=p-Br, 71%

3.39, R = m-Br, 65%

MeQO

Ph

ph. J \

o Ph

O
3.3h, 73%

3.3u, 57%

(1,02 equiv)

1.DBU (10mol%) . af
DMSO, 80°C, 30 min)
> ]\ Ar?

2. S (2 equivl) Ar o
DABCO (2 equiv) 3.3 @)
120°C, 16 h

R1
R ] PR O Ph
N I\ O
o ~Ph T\
J o ~Ph
0

3.3i, R = p-Ph, 63%
3.3j, R=p-OMe, 71%
3.3k, R = m-Cl, 68%
3.3l, R =0-Cl, 59%

3.3p,R'"=R2=Cl, 75%
3.3q, R' = R?2 = OMe, 73%
3.3r, R = Ph, R? = Br, 59%

3.3m, R= m'Br, 64% _— Ph Ph
3.3n, R = p-NO,, 56% /
3.30,R=mNO,, 52% N /N
Ph
- 0

o O
o f & 3.3s, 65%
“\_l ol Ph,  Ph

Ph

O

3.3v, 72% 3.3v

Sor d@6 3.16. Nghién cizu phgm vi phdn iing khi thay déi chalcone.

Nghién cau tiép tuc khao sat pham vi cua phan ¢ng bang cach thay di cac
chalcone 3.1 va deoxybenzoin 3.2 (So d6 3.16). Cac chalcone mang nhom day
electron (MeO), trung tinh (methyl, i-propyl va phenyl), halogen (Cl va Br) hoac
nhoém hat electron (NO2) déu tham gia phan ung ngung tu oxy héa tao ra cac

triarylfuran tir 3.3b dén 3.3r. Pang cht ¥ 1a cac dan xuat chalcone mang di vong
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pyridine, furan va thiophene phan tng d& dang dé tao ra cac san phim twong wng (tir
3.3s t6i 3.3v) Vi hiéu suat tét. Cau tric cua cac san pham 3.3h va 3.3v di dugc khing

dinh bang phuong phap nhidu xa tinh thé tia X.

1. DBU (10 mol%) , 1
1 Ar Ar
Ar —\\_/<o 0 DMSO, 80°C, 30 min) i A2
+ , I
Ar2 Ar)K/Ar 2. S (2 equivl) Ar o
3.1 3.2 DABCO (2 equiv) 3.3 0]
(1 equiv) (1,02 equiv) 120°C, 16 h
Thay déi deoxybenzoin 3.2
R 3.3w,R'=Me, R2=H, 78%
Q 3.3x, R' = H, R = OMe, 73%
oh 3.3y, R' = R? = OMe, 61%
3.3z, R'=H, R2=F, 65%
ph. 0\ 3.3aa, R'=H R2 = Cl, 69%
J O R2 3.3ab,R'"=H,R?=Br, 71%

Thay déi ca chalcone 3.1 va deoxybenzoin 3.2

3.3af, 56%

3.3ad, 60%
Sor d@6 3.17. Nghién cizu phgm vi phdn iing khi thay doi deoxybenzoin.
Bén canh do, cac deoxybenzoin 3.2 mang nhém thé khac nhau ciing phan tng

Vi chalcone 3.1a tao ra cac furan twong ¢ng (3.3w dén 3.3ab) vai hiéu suat tir trung

binh dén tét (So d 3.17).
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Tiép theo, phan tmg duoc khao sat khi thay d6i cAu tric cua ca thanh phan
chalcone 3.1 va deoxybenzoin 3.2. Két qua cho thdy ca nhom day va nhém hit
electron khi gin vao céc chit nén déu khdng gay can tré phan tng. Céc san pham thu
dugc twong ung (tir 3.3ab dén 3.3af) déu dat hiéu suét tot tré 1én. Trong truong hop
sur dung cac ketone nhu propiophenone hoac acetophenone thay cho deoxybenzoin
3.2, cac san pham cong Michael tuong tmg khong duoc tao thanh véi cac diéu kién
phan tng duoc st dung trong nghién ciru nay.

Pé hiéu 16 hon vé co ché phan ung, cac thi nghiém kiém soat da duoc tién
hanh (So d6 3.18). Pun néng 3.1a va 3.2a véi DABCO (2 equiv) trong DMSO &
khoang tir 80 dén 120°C trong 16 h khi khong c6 mat Iuu huynh chi dan dén sy hinh
thanh cua san pham cong Michael 3.A1 (eq. 1). Tuong tu, dun néng 3.Al trong
DMSO ¢ 120°C trong truong hgp hodc khong ¢ luu huynh (x =0, y = 2) hoac khong
c6 DABCO (x = 2, y = 0) hoic khong c6 ca hai (x =y = 0) thi 3.A1 khong thay doi
(eq. 2). Nguoc lai, 3.A1 d& dang tao thanh furan 3.3a véi hiéu suat cao khi dun ndng
v6i DABCO (2 equiv) va luu huynh (2 equiv). Két qua nay di khang dinh vai trd

trung tdm cua ca luu huynh va DABCO trong viéc hinh thanh furan 3.3.

Ph—\\_/<0 0 DABCO (2 equiv) Ph_ Ph
+
Ph \ Ph eq. 3.1
oh Ph)K/ DMSO, 80-120°C, 16 h) Ph/z/zg\( (eq-31)
3.1a 3.2a 33 O
(1 equiv) (1,02 equiv) ~a
Ph  Ph Sg (X equiv) Ph Ph
Ph DABCO (y equiv) 7\ Ph (eq. 3.2)
Ph P N
o) 3 DMSO, 80-120°C, 16 h) o
3.3a
3.A1
x=0,y=2,0%
x=2,y=0,0%
x=y=0,0%
x=y=2,78%

So do 3.18. Cac thi nghiém kiém chitng co ché phdn #ng tao vong furan.
Dua trén két qua thu duoc, nghién ciru di dé xuat mot co ché thich hop cho
phan g (So dd 3.18). Viéc ma vong Sg bang base trong DMSO s& dan dén ion ludng

cuc 3.X. Ion ludng cuc 3.X cd thé hoat dong nhu mot tac nhan lwu huynh héa quan
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trong dé thiic day qua trinh vong hda oxy héa san pham cong Michael 3.A1 sinh ra
tur phan rng gitra 3.1a va 3.2a. Mac du 3.A1 cé hai nguyén tir hydrogen c6 tinh acid
khac nhau nhung qua trinh tach proton s& dién ra & vi tri ¢6 tinh acid cao hon, tuc 1a
& C2. Két qua tao thanh E-enolate 3.B c6 dién tich &m nam trén nguyén ta oxygen
giup giai toa su chen ép trong khéng gian gitra hai nhém phenyl ¢ vi tri C1 va C2,
ddng thoi mé rong sy lién hop cua hé. Pidu nay ciing phu hop véi thuc té 1a
acetopheone (pKa = 24,7) c6 tinh acid yéu hon 1,2-diphenylethan-1-one (pKa = 17,7)
trong DMSO [106]. Tiép theo la qua trinh sulfur hoa tai vi tri C4 cua 3.B phdi hop
véi sy tach proton noi phan tir dé thu dugce polysulfide 3.D. Phan manh chudi
polysulfide cua 3.D sé tao ra thioketone 3.E. Sau do la qua trinh vong hoa cua 3.E
thanh 3.G thdng qua enolate 3.F. Cudi cung la phan tng tach tao hé thom dé hinh
thanh furan 3.3a.

® _ 8.0
o B: + S§ —> B |
vi tri ¢é tinh
acid cao nhat 3.X
® _s.__ 0O
\Ph Ph Ph  Ph BY S, Ph Ph &
2 Ph +B: V; o} 3.X Y S/
Ph 4 - +’ Ph Ph Ph
O o B R on I
3.A1 1B 3.c
T DBU + B:j -BH*
3.1a + 3.2a
o
Ph  Ph Ph Phrs
Ph  Ph N o ) g/
o < ol T g
+ ~>n O H
o-sJ o -BH oS O A O

H
3.F 3.E \\\ 3D
Ph l Ph Ph Ph Ph Ph
T \S pn 2B /m\ﬁph /Z/_g\WPh
O O

3.G © 3.3a 3.4a

So do 3.19. Co ché d@é xudt cho phan ing tqo vong furan.
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Nhu di dé cap trong so d6 3.19, san pham cong 3.A1 c6 thé phan tng véi luu
huynh theo con duong khac dan dén su hinh thanh cua thiophene 3.4a. Cy thé 1a théng
qua qué trinh vong héa 3.E do su tin cdng nucleophile cia nhém thiocarbonyl vao
nhém carbonyl. Con dudng nay dugc wu tién trong trudng hop san pham cong 3.A1°
chi ton tai twong tac khong gian yéu gitta nhdm phenyl trén C1 va nhém CN hoic
COqEt trén C2. R0 rang tuong tac khong gian gitra hai nhom phenyl trén C1 va C2
trong 3.A1 1a 16n hon. Su tan cdng nucleophile cia nhdm thiocarbonyl vao nhém
carbonyl bi ngan chin hoan toan do tinh 6n dinh cao cua enolate 3.F co dién tich nam
trén nguyén tor oxygen. Cac nghién ctu trudéc diy vé qua trinh alkyl hoa
diphenylacetophenone va diphenylacetone ciing cho thay két qua twong tu khi chat

dau co sy can tro khong gian nhu trong 3.A1 [81].
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KET LUAN

1. Nghién ctru da phat trién mot phuong phéap hiéu qua nham tong hop hai loai
dan xuit quan trong cta thiophene thdng qua phan tGng ba thanh phan sir dung luu
huynh, chalcone va benzoylacetonitrile. Trong d6, cac 2-aryl-3-cyanothiophene la
san phdm chinh c6 thé thu dugc truc tiép cing vdi cac 2-aminothiophene 1a san pham
phu. Ty 1 cac san pham c6 thé thay d6i bang cach thay ddi cac base kich hoat ciing
nhu ti 1¢ mole cua chung nhung cac 3-cyanothiophene ludn 1a san pham chinh. Viéc
mo rong phuong phap nay doi voi cac benzoylacetate thay cho céc
benzoylacetonitrile tao thanh cac dan xuét thiophene-3-carboxylate véi hiéu suét tir
t6t dén rat tot.

2. Nghién ctiru d3 phat trién mot phuong phap méi tong hop truc tiép cac dan
xuat 3-arylquinoxaline-2-thione st dung luu huynh, céc phenylacetylene va o-
phenylenediamine. Phan g da khai thac kha nang hoat héa doc dao cua luu huynh
trong DMSO véi su c6 mat caa DABCO 1am chét xdc tac base ma khong can su co
mat cua kim loai chuyén tiép. Nghién ctiru pham vi phan ¢ng cho thay rang phuong
phap cd thé dugc ap dung cho cac phenylacetylene va o-phenylenediamine mang
nhom thé da dang tao thanh san pham mong doi c6 hiéu suat cao va kha ning tinh
ché dé& dang bang cach loc rira don gian. Tir két qua nghién ctiu, co ché cua phan tng
da dugc dé xuat. Phuong phap cd thé duoc &p dung truc tiép hoac mé rong nham téng
hop céc quinoxaline dudi dang san pham cudi cling hodc san pham trung gian dé tiép
tuc chtrc hda trong tong hop hiru co.

3. Nghién ctru da chi ra hé Ss/DMSO c6 thé dong vai tro 1a mot tac nhan oxy
hoa linh hoat cho qué trinh vong héa tach hydrogen cua cac pentan-1-one tao thanh
cac dan xuat furan da nhém thé véi hiéu suat tét. Sir dung chat dau sin co 1a cac
deoxybenzoin va chalcone, qué trinh tong hop cé chi phi thap do khong can céac kim
loai chuyén tiép hay moéi trudng tro. Phan @ng ciing cho thay pham vi ap dung rong
rai khi chat dau c6 thé mang nhiéu loai nhém chitc nhu halogen, nitro, pyridyl,
thienyl... Do d6, phuong phap nay c6 nhiéu kha niang tng dung thuc té tong hop hitu

co, duoc pham va vat liéu.
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(5-Amino-3-phenylthiophene-2,4-diyl)bis(phenylmethanone) (1.3a)
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5-Benzoyl-2,4- dlphenylth ophene-3-carbonitrile (1.4a)
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(5-Amino-3-(4-(trifluoromethyl)phenyl)thiophene-2,4-diyl)bis(phenylmethanone)

(1.3b)
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5-Benzoyl-2- phenyl 4 ( (tr ifluorome thyl)phenyl)thlophene -3-carbonitrile (1.4b)
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(5-Amino-3-(2-nitro henyl)thlophene -2,4-diyl)bis(phenylmethanone) (1.3c)
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5-Benzoyl-4-(2-nitrophenyl)-2-phenylthiophene-3-carbonitrile (1.4c)
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(5-Amino-3-(4-methoxyphenyl)thi

ophene-2,4-diyl)bis(phenylmethanone) (1.3d)
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5-Benzoyl-4-(4-methoxyphenyl)-2-phenylthiophene-3-carbonitrile (1.4d)
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(5-Amino-3-(4-bromophenyl)thiophene-2,4-diyl)bis(phenylmethanone) (1.3¢)
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5-Benzoyl-4-(4-hydroxyphenyl)-2-phenylthiophene-3-carbonitrile (1.4f)
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(5-Amino-3-(naphthalen-1-yl)thiophene-2,4-diyl)bis(phenylmethanone) (1.3g)
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5-Benzoyl-4-(naphthalen-1-yl)-2-phenylthiophene-3-carbonitrile (1.49)
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I)(4-fluorophenyl)methanone (1.3h)

NTTO36F152.fid % 5  ER<RSSZRBARRSSRL0S%DS
CL3-UDEFT-N-1K COCI3 /opdpeplh nawyeRh A 5 5 H AR AR AR RS RRA 2SS
| (W | | i e
| i v [ |
1
I l J -
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
NTTO36F2-£3C. Efid pTT 4S88RNEEEIANRNHY
C13-UDEFT3N-1ECOCI3 /opt/topdpd Bbuven B8 % 85 A5 S ARARAE L S
[ RN e e R
| ‘ l | I 1 i L
N L iy " " .
’
200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

S15

30000

25000

20000

f- 15000

- 10000

5000

40000

35000

- 30000

r 25000

20000

r 15000

- 10000

5000

~-5000



5-(4-Fluorobenzo I) 2,4 dlphenylthlophene -3-carbonitrile (1.4h)
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(5-Amino-4-benzoyl-3-phenylthiophen-2-yl)(4-methoxyphenyl)methanone (1.3i)
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(5-Amino-4-benzoyl-3-phenylthiophen-2-yl)(3-(trifluoromethyl)phenyl)methanone
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2,4-Diphenyl-5-(3-(trifluoromethyl)benzoyl)th
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4-(5-Amino-4-benzo
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5-(4- Cyanobenzoyl) -2,4- dlphenylthlophene -3-carbonitrile (1.4k)
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2,4-Diphenyl-5-(thiophene-2-carbonyl)thiophene-3-carbonitrile (1.41)
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(2-Amino-4-(2-fluorophenyl)-5-(4-methoxybenzoyl)thiophen-3-yl)(phenyl)methanone
(1.3m)
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4-(2-Fluorophenyl)-5-(4-methoxybenzoyl)-2-phenylthiophene-3-carbonitrile (1.4m)
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5-(4-Cyanobenzoyl)-4-(2-fluorophenyl)-2-phenylthiophene-3-carbonitrile (1.4n)
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4-(2-Fluoro trobenzoyl)-2-phenylthiophene-3-carbonitrile (1.40)
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(5-Amino-4-benzoyl-3-(4-methoxyphenyl)thiophen-2-yl)(4-methoxyphenyl)methanone
(1.3p)
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5-(4-Methoxybenzoyl)-4-(4-methoxyphenyl)-2-phenylthiophene-3-carbonitrile (1.4p)
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(5-Amino-4-benzoyl-3-(4-isopropylphenyl)thiophen-2-yl)(3-bromophenyl)methanone
(1.30)
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5-(3-Bromobenzoyl)-4-(4-isopropylphenyl)-2-phenylthiophene-3-carbonitrile (1.4q)
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(5-Amino-4-(4-chlorobe
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5-Benzoyl-4-phenyl-2-(p-tolyl)thiophene-3-carbonitrile (1.4s)
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(5-Amino-4-(4-methoxybenzoyl)-3-phenylthiophen-2-yl)(phenyl)methanone (1.3t)
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5-Benzoyl-2-(4-methoxyphenyl)-4-phenylthiophene-3-carbonitrile (1.4t)
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(5-Amino-4-(3-nitrobenzoyl)-3-phenylthiophen-2-yl)(phenyl)methanone (1.3u)
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5-Benzoyl-2-(3-nitrophenyl)-4-phenylthiophene-3-carbonitrile (1.4u)
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(5-Amino-4-(3-chlorobenzoyl)-3-phenylthiophen-2-yl)(phenyl)methanone (1.3v)
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5-Benzoyl-2-(3-chlorophenyl)-4-phenylthiophene-3-carbonitrile (1.4v)
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(5-Amino-4-(3-chlorobenzoyl)-3-(3-methoxyphenyl)thiophen-2-yl)(4-methoxyphenyl)

methanone (1.3x)
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2-(3-Chlorophenyl)-5-(4-methoxybenzoyl)-4-(3-methoxyphenyl)thiophene-3-

carbonitrile (1.4x)
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(5-Amino-3-(3-methoxyphenyl)thiophene-2,4-diyl)bis((4-methoxyphenyl)methanone)

(1.3y)
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5-(4-Methoxybenzoyl)-4-(3-methoxyphenyl)-2-(4-methoxyphenyl)thiophene-3-

carbonitrile (1.4y)
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(5-Amino-4-(4-methoxybenzoyl)-3-(p-tolyl)thiophen-2-yl)(phenyl)methanone (1.3z)
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5-Benzoyl-2-(4-methoxyphenyl)-4-(p-tolyl)thiophene-3-carbonitrile (1.4z)
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Ethyl 5-benzoy|-2,4-diphenylthiophene-3-carboxylate (1.6a)
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Ethyl 5-(4-fluorobenzoyl)-2,4-diphenylthiophene-3-carboxylate (1.6b)
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Ethyl 2,4-dip enyl-5-(3-(tr
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Ethyl 5-(4-cyanobenzoyl)-2,4-dip

henylthiophene-3-carboxylate (1.6d)
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Ethyl 5-benzoyl-2-phenyl-4-(4-(trifluoromethyl)phenyl)thiophene-3-carboxylate (1.6€)
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Ethyl 4-(2-fluoro henyl)-5-(4-nitrobenzoyl)-Z-

NTTOB0F1-13C2fidS S BGRB9S 2932 EEEREE
GEI8Z

Proton-Nuit-ZG30 CW g N : :

?14
713
711
7.10
7.08
681

398
0.88
0.7
0.86

&
<

henylthiophene-3-carboxylate (1.69)

- 2400
- 2300
- 2200
- 2100
- 2000
- 1900
- 1800
- 1700
- 1600
- 1500
- 1400
- 1300
- 1200
- 1100
- 1000
- 900
- 800
- 700
- 600
- 500
- 400
- 300
- 200

- 100

-0

- -100

- =200

NTTOS0F1-13C.1.fid £

ST IS IS T
Remadhlalsdn

C13-UDEFT-N-1K COCI3 foptBopspinnguyen B EE R BT ERRAR RS
27NN

PO
2 1.99—[

61.29
13.40

T T T T T T T T T
220 210 200 180 180 170 160 150 140 130

- 80000

- 75000

70000

65000

60000

55000

- 50000

45000

{40000

35000

30000

25000

20000

15000

10000

5000

- -5000




Ethyl 4-(2-fluorophenyl)-5-(3-nitrobenzoyl)-2-phenylthiophene-3-carboxylate (1.6h)
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Ethyl 5-benzoyl-4-(4-hydroxyphenyl)-2-phenylthiophene-3-carboxylate (1.6i)
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Ethyl 2,4-diphenyl-5-(thiophene-2-carbonyl)thiophene-3-carboxylate (1.6j)
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3-Phenylquinoxaline-2(1H)-thione (2.3aa)
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3-(4-Pentylphenyl)quinoxaline-2(1H)-thione (2.3ad)
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3-(4-Methoxyphenyl)quinoxaline-2(1H)-thione (2.3ae)
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3-(3-Methoxyphenyl)quinoxaline-2(1H)-thione (2.3af)

TMC250.60.fid i

o = o = = o =] o

o = o =1 = =1 = o =1

o = o =1 f=] =1 = o =1

n = ] =1 W o 5] o =1

-+ T " " ~N N — =1 ) (=]

h 1 L 1 L N L L 1 |
g

ogeE—
zoe
[
E0°E
s
wiI's
$O°L
[y
Sos
SEs
Q'L
[
BE'L
i
s
T
e |
T
v~
v
s
EvL]
st
swe ]
9y
[4 s
Fiya
oz
av's
652
65°L
(e
oy
vO°L
$O7L
EL
9g7s
99°f
o¢
oy
e
oy
a8
[

i
5
|

TMC250

'H-NMR (500 MHz DMSO-d6)

OMe

Ir= =z

=852

Jrot
B0
hma
S0°1
Jna._
+0°1
0T

=080

f1 {ppm}

- 5500

- 5000

- 4500

- 4000

- 3500

- 3000

- 2500

- 2000

= 1500

- 1000

- 500

- -500

= -1000

- -1500

- -2000

- =2500

= -3000

¥O5E —

81T
aa.m:w
90911

arzEr =
TESTI~_
SEETT =
PEBEL
mfﬂﬂ
azzET

acse1
ETOFT —~

OLBST —~
£H09T —

SLPLT =

TMC290.62.fid
TMC290

BC{1H} NMR (126 MHz, DMSO-d6)

Ir=

OMe

140

170

120 110

130

150

160

180 180

oo

f1 (ppm}

S63



3-(2-Methoxyphenyl)quinoxaline-2(1H)-thione (2.3ag)
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3-(4-Fluorophenyl)quinoxaline-2(1H)-thione (2.3ah)
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3-(4-Fluorophenyl)quinoxaline-2-thiol (2. 3ah)
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3-(4-Chlorophenyl)quinoxaline-2(1H)-thione (2.3ai)
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3-(4-Bromophenyl)quinoxaline-2(1H)
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3-(4-(Trifluoromethyl)phenyl)quinoxaline-2(1H)-thione (2.3al)
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3-(4-(Trifluoromethyl)phenyl)quinoxaline-2-thiol (2.3al)
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Methyl 4-(3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3am)
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Methyl 3-(3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3an)
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4-(3-Thioxo-3,4-dihydroquinoxalin-2-yl)benzonitrile (2.3a0)
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3-(Pyridin-3-yl)quinoxaline-2(1H)-thione
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6,7-Dimethyl—S-(p-_tglyl)quinoxa]ine-Z(lH)-Fhione (2.3bb)
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6,7-Dimethyl-3-(p-tolyl)quinoxaline-2(1H)-thione (2.3bc)
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6,7-Dimethyl-3-(4-pentylphenyl)quinoxaline-2(1H)-thione (2.3bd)
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3-(4-Methoxyphenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3be)
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3-(3-Methoxyphenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bf)
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3-(2-Methoxyphenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bg)
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3-(4-Fluorophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bh)
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3-(4-Fluorophenyl)-6,7-dimethylquinoxaline-2-thiol (2.3bh)
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3-(4-Chlorophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bi)
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3-(3-Chlorophenyl)-6,7-dimethylqui
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3-(4-Bromophenyl)-6,7-dimethylquinoxaline-2(1H)-thione (2.3bk)
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6,7-Dimethyl-3-(4-(trifluoromethyl)phenyl)quinoxaline-2(1H)-thione (2.3bl)
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6,7-Dimethyl-3-(4-(trifluoromethyl)phenyl)quinoxaline-2(1H)-thione (2.3bl)
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Methyl 4-(6,7-dimethyl-3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3bm)
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Methyl 3-(6,7-dimethyl-3-thioxo-3,4-dihydroquinoxalin-2-yl)benzoate (2.3bn)
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4-(6,7-Dimethyl-3-thioxo-3,4-dihydroquinoxalin-2-yl)benzonitrile (2.3bo)
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6,7-Dimethyl-3-(pyridin-3-yl)quinoxaline-2(1H)-thione (2.3bp)
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6-Methyl-3-phenylquinoxaline-2(1H)-thione va 7-methyl-3-phenylquinoxaline-2(1H)-
thione (2.3ca)
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5-Methyl-3-phenylquinoxaline-2(1H)-thione va 8-methyl-3-phenylquinoxaline-2(1H)-
thione (2.3da)
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5,6-Dimethyl-3-(p-tolyl)quinoxaline-2(1H)-thione (2.3eb)
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5,6-Dimethyl-3-(4-(trifluoromethyl)phenyl)quinoxaline-2(1H)-thione (2.3ek)
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Ethyl 2-thioxo-3-(4-phenyl)-1,2-dihydroquinoxaline-6-carboxylate hoac
ethyl 2-thioxo-3-(4-phenyl)-1,2-dihydroquinoxaline-7-carboxylate (2.3fa)
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Ethyl 2-thioxo-3-(4-(trifluoromethyl)phenyl)-1,2-dihydroquinoxaline-6-carboxylate
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Phenyl(2-thioxo-3-(4-(trifluoromethyl)phenyl)-1,2-dihydroquinoxalin-6-yl)methanone
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2-Benzyl-1H-benzimidazole (2.4)
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2-Benzylidene-4-phenyl-1,3-dithiole (2.5)

B11046P-DMS0.1.fid

AEYRNS 28 S
=

'H-NMR (500 MHz DMSO-d6)

T T T
0.0 9.5 9.0

T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5

5102

T
0.5

T
0.0

- 280

- 260

- 240

-220

- 200

- 180

- 160

- 140

- 120

- 100

)

-20

--20



BLLMEPRALAL SAR 2282888033533 RNE88238338%
Prone e Ay 'H-NMR (300 MHz CDCls)
N
~—S
~
N
|

20 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
fl (ppm})
B113007.2.1d % BERESAAIENAT .
C13-UDEFT-N-512 CDCI3 Jopt/topspin nguyel 67 S B AR RSS2 S48
fopt/tapspin nquyel 6 F SR AR ASARE L H-NMR (75MHZCDC13)
I N SS\aetmm——
N\ s
N/
]
1
T T T T T T T T T T T T T T T T T T T T
w0 190 180 170 180 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1D
f1 (ppm)

5103

550

500

450

400

350

300

250

200

150

100

50

F-50

[ Puuu

- B500

8000

7500

- 7000

6500

6000

5500

- 5000

4500

4000

3500

{3000

2500

2000

1500

1000

500

~-500

-1000



t- 2400
2300
2200
2100
2000
- 1900
- 1800
1700
- 1600
1500
- 1400
1300
1200
1100
- 1000
900
800
700
- 600
500
400
300
L 200
100
Lo
+-100
-200
k2100
I-2000
1900
1800
k1700
1600
F 1500
F 1400

1300

d

'H-NMR (300 MHz DMSO-d6)
cinnamic aci

'H-NMR (300 MHz DMSO-d6)

u

AY

1 (ppm)

3-Phenylquinoxaline-2(1H)-thione (2.3aa) t

ProtoRi-1-ZG30 DMSO /opt/topspin nguyen 38
Proton-ZG30-] DMSO /opt/topspin2.8 ngu

B11395P-GMSO-1H.1.fid

3-Phenylquinoxaline-2(1H)-thione (2.3aa) tur styrene

B113#4P-DMSO0.3.fid

I=

1200
F1100
1000
900
800
700
600
500
+400
300
200
100
+-100

5104




N,2-Diphenylethanethioamide
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2-Oxo0-N,2-diphenylethanethioamide (2.9)
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Phenyl(3,4,5-triphenyl
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(4,5-Diphenyl-3-(p-tolyl)furan-2-yl)(phenyl)methanone (3.3b)
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(3-(4-1sopropylphenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone (3.3c)
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(4,5-Diphenyl-3-(o-tolyl)furan-2-yl)(phenyl)methanone (3.3d
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(3-(4-Bromophenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone (3.3f)
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(3-(3-Bromophenyl)-4,5-diphenylfuran-2-yl)(phenyl)methanone (3.39)
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(3-Chlorophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.3k)
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(3-Nitrophenyl)(3,4,5-triphenylfuran-2-yl)methanone (3.30)
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(3-([1,1'-Biphenyl]-4-yl)-4,5-diphenylfuran-2-yl)(4-bromophenyl)methanone (3.3r)
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Thiophen-2-yl(3,4,5-triphenylfuran-2-yl)methanone (3.3t)
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I)furan -2- yI)(thlophen -2- yI)methanone (3.3v)
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)furan-2-yl)(phenyl)methanone (3.3w)
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(5-(4-Methoxyphenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone (3.3x)
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(5-(4-Fluorophenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone (3.3z)
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(5-(4-Chlorophenyl)-3,4-diphenylfuran-2-yl)(phenyl)methanone (3.3aa)
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(4,5-Bis(4-methoxyphenyl)-3-phenylfuran-2-yl)(4-methoxyphenyl)methanone (3.3ac)
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(3,5-Bis(4- chlorophenyl) -4-p enylfuran-2-yl)(4-chIorophenyl)methanone (3.3ad)
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(3-(4-Bromophenyl)-5-(4-fluorophenyl)-4-phenylfuran-2-yl)(phenyl)methanone

(3.3ae)
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(3-(4-Bromophenyl)-5-(4-fluorophenyl)-4-phenylfuran-2-yl)(phenyl)methanone

(3.3ae)
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Bang S1. Dit liéu 'H va 3C NMR cua cac hop chit 2-aryl-3-cyanothiophene 1.4

Ar?
Hop 'H NMR (ppm) 13C NMR (ppm)
chét Ar C=0 Ar C=N
147,8, 137,7, 136,5, 132,8,
7,92 - 7,83 (m, 2H), 7,61 —
132,4,130,8, 129,8, 129,5,
1.4a | 7,48 (m, 5H), 7,39 — 7,28 (m, | 188,9 157,8
129,0, 128,3, 128,1, 128,0,
3H), 7,25 — 7,11 (m, 5H)
115,1, 108,9
7,87 (dd, J = 6,6, 2,9 Hz, 146,3, 138,3, 136,5, 136,0,
2H), 7,64 — 7,53 (m, 5H), 133,1, 131,1, 130,8, 130,5,
7,49 (d, J=8,2 Hz, 2H), 7,43 130,1, 129,6, 129,5, 129,5,
1.4b 188,3 158,1
(d, J=8,1 Hz, 2H), 7,39 (t, J 129,5, 129,4, 128,4, 1283,
=75Hz,1H), 7,21 (t,J = 128,2,128,1, 125,3, 125,3,
7,8 Hz, 2H) 124,8, 122,6, 114,8, 108,6
8,15 (dd, J=7,8, 1,1 Hz,
147,9, 145,2, 137,5, 136,4,
1H), 7,89 — 7,85 (m, 2H),
133,4, 133,0, 132,6, 131,1,
7,71 —7,65 (m, 2H), 7,58 —
130,3, 130,3, 130,2, 130,0,
14c | 7,48 (m, 6H), 7,44 (t, =75 | 187,4 157,2
129,5,129,3, 129,0, 128,5,
Hz, 1H), 7,33 (dd, J = 7,5,
128,5,128,4, 128,0, 125,1,
1,3Hz, 1H), 7,29 (t, J=7.8
114,2,109,1
Hz, 2H)
7,91 7,80 (m, 2H), 7,61 (d,
157,0, 146,8, 137,9, 132,6,
J=8,8Hz, 2H), 7,56 — 7,42
132,2, 130,9, 130,7, 129,7,
(m, 3H), 7,34 (dd, J = 6,2,
1.4d 187,3 | 129,4,129,2,129,1, 128,9, | 163,5

2,7 Hz, 2H), 7,29 — 7,17 (m,
4H), 6,67 (d, J = 8,8 Hz, 2H),
3,77 (s, 3H)

128,7, 128,4, 128,1, 115,3,
113,4, 108,5, 55,4
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7,86 (dd, J=6,5, 2,7 Hz,
2H), 7,58 (d, J = 7,4 Hz, 2H),
7,55 — 7,47 (m, 3H), 7,41 (t,

146,6, 137,7, 136,5, 133,0,
131,6, 131,5, 131,4, 131,4,

14e | J=7,4Hz 1H),7,35(d,J= | 188,5| 131,3, 131,3, 131,2, 131,0, | 157,9
8,4 Hz,2H), 7,23 (t,J=7,7 130,6, 129,5, 129,5, 128,2,
Hz, 2H), 7,18 (d, J = 8,4 Hz, 128,1, 123,6, 114,9, 108,6
2H)
7,86 (dd, J = 6,4, 3,0 Hz,
2H), 7,58 (d, J = 7,3 Hz, 2H),
156,7, 148,0, 136,9, 136,5,
7,54 (dd, J=5,0, 1,6 Hz,
132,9, 131,3, 130,8, 129,6,
1.4f | 3H), 7,37 (t,J=7,4 Hz, 1H), | 189,3 158,0
129,5, 128,1, 128,1, 124,6,
7,20 (t, J=7,8 Hz, 2H), 7,16
115,4, 108,7
(d,J=8,5Hz, 1H), 6,63 (d, J
=8,5Hz, 1H)
7,99 - 7,89 (m, 2H), 7,75 —
7,70 (m, 2H), 7,68 (d, J = 8,1
146,6, 139,5, 136,6, 133,3,
Hz, 1H), 7,59 — 7,53 (m,
132,2, 131,8, 130,9, 130,8,
4H), 7,51 — 7,47 (m, 2H),
1.4g 189,1 | 130,3, 129,7, 129,5, 128,6, | 158,0
7,47 - 7,42 (m, 2H), 7,39 (d,
128,4, 128,1, 127,2, 126,9,
J=71Hz, 1H), 7,34 - 7,29
126,1, 124,8, 114,7, 110,2
(m, 4H), 7,09 (t, J = 6,9 Hz,
1H), 6,84 (t,J = 7,1 Hz, 2H)
7,91 -7,83 (m, 2H), 7,58 164,3, 158,0, 147,7, 137,5,
(dd, J=8,5, 5,4 Hz, 3H), 132,7,132,3, 132,2, 132,1,
7,55 (d,J=5,1Hz, 3H), 7,31 130,9, 130,7, 129,9, 129,8,
1.4h 187,5 166,3

7,27 (m, 3H), 7,25 - 7,19
(m, 3H), 6,83 (t, J = 8,5 Hz,
2H)

129,5, 129,4, 129,2, 129,0,
128,8, 128,4, 128,1, 127,9,
115,3, 115,1, 108,8
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7,94 7,84 (m, 3H), 7,63 (d,
J=8,8Hz, 2H), 7,59 — 7,52

157,1, 146,8, 137,9, 132,6,
132,2,130,9, 130,7, 129,7,

1.4i | (m,3H),7,37(dd,J=6,5 |187,4| 1295, 129,1, 129,0, 128,4, | 163,5
2,8 Hz, 3H), 7,30 — 7,21 (m, 128,1, 115,3, 113,4, 108,5,
4H), 6,69 (d, J = 8,8 Hz, 2H) 55,5
1485, 137,3, 137,1, 132,5,
132,2, 132,0, 131,1, 130,6,
7,85 7,78 (m, 2H), 7,66 (d,
130,5, 130,3, 130,1, 130,0,
J=17,7 Hz, 1H), 7,60 (s, 1H),
129,8, 129,7, 129,5, 129,4,
7,50 — 7,42 (m, 5H), 7,23 (t,
1.4 187,8 | 129,3,129,1, 128,9, 128,9, | 158,8
J=7,6Hz, 2H), 7,20 - 7,14
128,8, 128,7, 128,6, 1285,
(m, 3H), 7,10 (d, J = 6,0 Hz,
) 128,3, 128,2, 128,0, 127,9,
126,3, 126,2, 124,4, 1149,
109,1
7,83 7,78 (m, 2H), 7,50 — 148,8, 140,0, 137,1, 132,0,
7,43 (m, 7TH), 7,33 (d, J = 8,4 131,6, 131,2, 130,5, 129,9,
1.4k 187,6 159,2
Hz, 2H), 7,19 — 7,14 (m, 129,6, 129,5, 128,5, 128,1,
3H), 7,14 — 7,08 (m, 2H) 117,7, 115,5, 114,7, 109,1
147,0, 142,6, 136,5, 135,2,
135,1, 132,6, 130,8, 130,7,
7,91 7,82 (m, 2H), 7,61 —
129,7, 129,7, 129,6, 129,6,
7,50 (m, 4H), 7,49 — 7,43 (m,
1.41 179,9 | 129,5,129,4, 129,4, 129,4, | 156,8
2H), 7,38 — 7,30 (m, 4H),
129,2, 128,8, 128,8, 128,7,
6,86 (t, J = 4,4 Hz, 1H)
128,6, 128,6, 128,6, 128,2,
127,9, 115,2, 108,8
7,87 (dd, J=7,4, 2,0 Hz, 160,3, 158,3, 157,0, 140,4,
3H), 7,65 (d, J = 8,8 Hz, 2H), 139,0, 131,9, 131,4, 131,3,
1.4m 186,7 163,5

7,58 — 7,48 (m, 4H), 7,32 (td,
J=75,1,4Hz, 2H), 7,26 (q,

131,2, 130,7, 130,5, 129,5,
129,2, 128,1, 124,3, 1242,
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J=17,2,58 Hz, 2H), 7,08 (t,

J=7,6 Hz, 1H), 6,97 (t, J =

9,2 Hz, 1H), 6,72 (d, J = 8,8
Hz, 2H), 3,79 (s, 3H)

121,0, 120,9, 115,9, 115,7,
114,7,113,9, 113,4, 109,1,
55,5

7,90 — 7,85 (m, 2H), 7,62 (d,
3=8,3 Hz, 2H), 7,59 — 7,53
(m, 4H), 7,47 (d, J = 8,3 Hz,

159,1, 158,0, 141,9, 140,0,
132,0, 132,0, 131,8, 131,6,
131,4, 131,3, 131,2, 130,3,

1.4n 187,0 160,0
2H), 7,28 (d, J = 7,5 Hz, 1H), 129,6, 129,3, 128,1, 124,5,
7,07 (t,J=8,8 Hz, 1H), 6,88 124,4,117,7, 115,9, 115,8,
(t, J=9,0 Hz, 1H) 115,7, 114,3, 109,6
8,28 (s, 1H), 8,17 (d, J =8,2
Hz, 1H), 7,94 (d, J = 7,7 Hz,
159,3, 157,9, 147,2, 141,8,
1H), 7,89 (dd, J=6,4, 2,9
138,0, 137,6, 134,4, 131,9,
Hz, 2H), 7,60 — 7,54 (m,
131,9, 131,3, 131,2, 130,4,
1.40 | 4H), 7,44 (t, J=7,9 Hz, 1H), | 186,1 159,9
129,6, 129,3, 128,1, 126,7,
7,34 (t,J=7,3 Hz, 1H), 7,19
1245, 1245, 124,2, 120,5,
(9,J=7,0Hz, 1H), 7,04 (t, J
115,8, 115,6, 114,3.
=7,5Hz,1H), 6,82 (t,J =
9,1 Hz, 1H)
7,91 7,84 (m, 3H), 7,65 (d,
160,1, 156,9, 146,6, 137,2,
J=8,8 Hz, 2H), 7,59 — 7,50
132,2,131,1, 131,0, 130,6,
(m, 4H), 7,30 (d, J=12,8
1.4q 187,5| 130,3, 129,4, 129,1, 128,1, | 163,5
Hz, 2H), 6,80 (d, J = 8,7 Hz,
125,0, 115,5, 114,0, 113,4,
2H), 6,72 (d, J = 8,8 Hz, 2H),
108,6, 55,5, 55,3
3,80 (s, 3H), 3,77 (s, 3H)
7,92 -7,82 (m, 2H), 7,58 —
150,1, 148,9, 138,2, 137,4,
7,50 (m, 3H), 7,49 — 7,41 (m,
1.4q 187,8 | 135,0, 132,5, 131,0, 130,8, | 158,7

2H), 7,36 (dt, J = 8,0, 1,3 Hz,
1H), 7,16 (d, J = 8,1 Hz, 2H),

129,8, 129,6, 129,5, 129,5,
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7,07 - 7,03 (m, 2H), 7,02 (d,

J=7,8Hz, 1H), 2,80 (p, J =

6,9 Hz, 1H), 1,16 (d, J=6,9
Hz, 6H)

128,1, 127,5, 126,5, 121,8,
1151, 33,9, 23,6

7,87 —7,78 (m, 2H), 7,60 —
7,54 (m, 2H), 7,54 — 7,49 (m,
2H), 7,34 (td, J = 7,6, 1,2 Hz,

147,8, 138,0, 137,1, 136,3,
132,9, 132,3, 129,8, 129,7,

Lar 1H), 7,31 — 7,27 (m, 2H), 16,8 129,5,129,3, 129,2, 129,1, 16,2
7,20 (dd,J=5,1, 1,6 Hz, 128,4, 128,0, 114,9, 109,1
3H), 7,17 (t, J = 7,8 Hz, 2H)
7,78 (d, J = 8,2 Hz, 2H), 7,56
(dd, J=8,2, 1,1 Hz, 2H), 141,4, 137,2, 136,6, 132,7,
7,37 17,32 (m, 3H), 7,32 — 132,5, 130,2, 129,8, 1295,
L4s 7,28 (m, 3H), 7,20 (dt, J = 169,0 129,0, 128,3, 128,0, 115,3, 149
6,0, 3,2 Hz, 3H), 7,16 (t, J = 115,3, 108,4, 21,5
7,8 Hz, 2H), 2,44 (s, 3H)
7,85 (dt, J=8,9, 2,9, 2,1 Hz,
2H), 7,55 (dd, J = 8,2, 1,2
Hz, 2H), 7,32 (t, = 7,4 Hz, 158,1, 148,0, 136,6, 132,6,
1H), 7,28 (dd, J = 6,6, 3,0 132,6, 129,8, 129,6, 129,4,
Lat Hz, 3H), 7,22 — 7,18 (m, 169,0 128,9, 128,3, 127,9, 123,3, oL
3H), 7,15 (t, J = 7,8 Hz, 2H), 115,5, 114,9, 107,8, 55,5
7,05 (dt, J= 8,8, 3,1, 2,1 Hz,
2H), 3,89 (s, 3H)
8,68 (t, J = 2,0 Hz, 1H), 8,39 148,8, 147,7, 139,1, 136,1,
(ddd, J=8,3,2,2, 1,0 Hz, 133,7,133,1, 132,4, 131,9,
1.4u | 1H), 8,23 (ddd,J=7,8,1,8, | 188,6 | 130,7, 129,7, 1295, 129,3, | 153,9

1,0 Hz, 1H), 7,77 (t, 1 = 8,0
Hz, 1H), 7,65 — 7,51 (m,

128,5, 128,1, 125,1, 123,2,
114,5,110,4
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2H), 7,40 — 7,34 (m, 1H),
7,33 7,29 (M, 2H), 7,25 —
7,15 (m, 5H)

7.82(d, J= 1,8 Hz, 1H), 7,78
(dt, = 6,8, 1,7 Hz, 1H), 7,60
7,54 (m, 2H), 7,52 — 7,46
(m, 2H), 7,35 (t, J = 7,4 Hz,

147,8, 138,3, 136,3, 135,5,
132,9, 132,4, 132,2, 130,8,

1.4v 188,8 | 130,7, 129,7, 129,5, 129,1, | 155,6
1H), 7,29 (dd, J = 6,6, 2,9
128,4, 128,2, 128,0, 126,3,
Hz, 2H), 7,21 (dd, J = 4,8,
114,7, 109,5
1,7Hz,3H), 7,17 (t, J=7,8
Hz, 2H)
7,81 (d,J=2,2Hz, 1H), 7,79
—7,72(m, 1H), 7,62 (d, J =
8,6 Hz, 2H), 7,55 - 7,41 (m, 159,4, 154,9, 146,4, 135,4,
2H), 7,17 (t, J = 7,9 Hz, 1H), 133,5, 132,5, 132,1, 130,7,
1.4x | 6,94 (d,J=7,4Hz, 1H), 6,84 | 187,2 | 129,6, 129,0, 128,2, 126,3, | 163,7
(t, J=1,9 Hz, 1H), 6,79 (dd, 122,1, 115,3, 114,9, 114,9,
J=8,2,2,5Hz, 1H), 6,70 (d, 113,5, 55,5, 55,3
J=8,6 Hz, 2H), 3,79 (s, 3H),
3,71 (s, 3H)
7,82 (d, J=8,6 Hz, 2H), 7,61
(d, J=8,6 Hz, 2H), 7,15 (t, J 161,6, 159,3, 157,3, 146,6,
=7,9Hz, 1H), 7,04 (d,J = 137,0, 133,8, 132,0, 129,6,
8,6 Hz, 2H), 6,94 (d,J=7,3 129,5, 129,3, 123,4, 122,2,
1.4y 187,5 163,4

Hz, 1H), 6,82 (s, 1H), 6,77
(d, J=8,3 Hz, 1H), 6,67 (d, J
= 8,6 Hz, 2H), 3,89 (s, 2H),
3,78 (s, 2H), 3,70 (s, 2H)

115,6, 115,1, 115,0, 114,8,
113,3, 107,4, 77,3, 55,5,
55,5, 55,3
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1.4z

7,84 (d, J = 8,7 Hz, 2H), 7,56
(d,J=7,5Hz, 2H), 7,34 (t, J
= 7,4 Hz, 1H), 7,22 - 7,12
(m, 4H), 7,04 (d, J = 8,7 Hz,
2H), 6,99 (d, J = 7,9 Hz, 2H),
3,88 (s, 3H), 2,24 (s, 3H)

157,9, 148,3, 138,9, 136,7,
136,3, 132,5, 129,7, 129,6,
189,1 | 129,6, 129,5, 129,0, 127,9, | 161,7
123,4, 115,6, 114,9, 107,9,
55,5, 21,2

Bang S2. Dit liéu 'H va 3C NMR cua cac hop chat 2-aminothiophene 1.3

o)
Ar! Ar3
o / \
s~ "NH,
Ar?
Hop 'H NMR (ppm) 1C NMR (ppm)
chat | NH: Ar C=0 Ar
7,28 (d, J=7,3 Hz, 2H), 7,19 (d,
167,8, 147,3, 139,4,
J=72Hz, 2H), 7,11 (t, =74
138,3, 134,7, 133,6,
6,95 Hz, 1H), 7,05 (t, J = 7,4 Hz,
194,6, | 130,9, 130,9, 130,7,
1.3a (s, 1H), 6,92 (t, J = 7,7 Hz, 2H),
190,2 | 130,1, 128,8, 128,6,
2H) | 6,76 (d,J=7,1Hz, 2H), 6,67 (t,
128,5,127,4, 127,3,
J=74Hz, 1H), 6,61 (t,J=7,4
127,1,121,6, 118,3
Hz, 2H)
168,3, 145,7, 139,4,
7,29 7,22 (m, 2H), 7,18 - 7,14
138,5, 138,1, 131,2,
711 | (m, 3H),, 7,06 (t, J =74 Hz,
1944, | 131,1,130,9, 129,3,
13b | (s, | 1H), 6,98t J=7,8Hz 2H),
189,7 | 129,0, 128,6, 128,3,
2H) | 6,92 (t,J=7,7 Hz, 2H), 6,85 (s,

2H)

127,6, 127,5, 123,8,
123,8, 118,0.
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7,49 (d, J = 8,0 Hz, 1H), 7,40 (d,
J=73Hz,2H), 7,23 (t, =75

168,1, 139,7, 133,2,

7,09
( Hz, 1H), 7,15 (d, J = 7,3 Hz, 194,2, | 132,5,131,5, 130,4,
1.3c S,
2H) 2H), 7,09-7,05 (m, 3H), 6,98 (d, | 189,6 | 128,7,128,2, 127,8,
J=78Hz 2H),6,94 (t,J=7,7 127,5,127,3, 124,2
Hz, 2H)
7,32 (d, J = 8,8 Hz, 2H), 7,20 (d,
167,2, 162,1, 146,2,
J=72Hz, 2H),7,05(t,J=74
139,4, 135,0, 131,3,
6,90 Hz, 1H), 6,93 (d, J = 7,7 Hz,
194,55, | 130,8, 130,7, 128,7,
1.3d (s, 2H), 6,79 (d, J=7,0 Hz, 2H),
188,9 | 127,3,127,2,127,1,
2H), | 6,71 (t,J=7,3 Hz, 1H), 6,65 (t,
121,5,118,1, 112,8,
J=73Hz, 2H), 6,47 (d,)=8,8
55,3
Hz, 2H), 3,67 (s, 3H)
7,27 (d, J =5,6 Hz, 2H), 7,21 (t,
167,9, 145,9, 139,3,
J=75Hz, 1H), 7,15 (t,J=8,8
6,96 138,2, 133,8, 132,2,
Hz, 2H), 7,02 (t, J = 7,8 Hz, 1944,
1.3e (s, 131,1, 130,8, 130,1,
2H), 7,00-6,91 (m, 2H), 6,73 (d, | 189,8
2H) 128,7, 128,5, 127,6,
J=8,4Hz, 2H), 6,60 (d,J=8,4
1275, 121,7, 118,0
Hz, 2H)
8,14 - 8,06 (m, 1H), 7,76 (d, J =
170,8, 168,2, 145,4,
8,5Hz,1H), 7,61 (t,J=7,2,6,5
_ 139,1, 138,4, 133,7,
Hzi, 1H), 7,48 (t, J = 7,8 Hz,
132,8, 132,6, 132,4,
7,17 —-| 2H),7,41-7,34 (m, 2H), 7,28
130,6, 130,2, 129,9,
7,09 | (d,J=6,9Hz, 1H), 7,07 -7,00 | 1954,
1.3g 129,9, 128,5, 128,3,
(m, (m, 1H), 6,91 (dd, J=6,0,1,1 190,4
127,8, 127,7, 127,0,
2H), | Hz, 1H), 6,85 (t,J=7,7, 7,3 Hz,

1H), 6,83 — 6,79 (m, 1H), 6,78 —
6,70 (m, 1H), 6,59 (t, J = 7,8 Hz,
1H), 6,51 (t, J = 7,8 Hz, 1H)

126,7, 126,3, 126,2,
125,3, 125,2, 124,0,
123,1, 118,8
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7,31 7,27 (m, 2H), 7,19 (d, J =
7.2 Hz, 2H), 7,06 (t, J = 7.4 Hz,

167,7, 165,1, 163,1,
147,2,139,3, 134,7,

6,92 134,4,131,3, 131,2,
1H), 6,97 — 6,88 (m, 2H), 6,73 | 194,6,
13h | (s, 130,9, 130,8, 128,6,
(dd, J = 12,4, 7,2 Hz, 3H), 6,66 | 188,7
2H) 127,5,127,3, 1272,
— 6,63 (m, 2H), 6,61 (t, J=7,7
121,5,118,3, 114,5,
Hz, 2H)
114,3
7,31 (d, J=8,7 Hz, 1H), 7,19 (d,
167,4, 162,0, 146,4,
J=17,6Hz, 1H), 7,05 (t, J= 7.4
139,4, 135,0, 131,3,
700 | Hz, 1H), 6,91 (t,J = 7,6 Hz,
1946, | 130,9,130,7, 128,7,
13i | (s 2H), 6,78 (d, J = 7,2 Hz, 2H),
189,0 | 127,3,127,3,127,2,
2H) | 6,70 (t, J = 7,2 Hz, 1H), 6,65 (t,
121,4,118,0, 112,8,
J=17,4Hz, 2H), 6,46 (d, J = 8,7
55,3
Hz, 1H)
7,47 (d,J=7,6 Hz, 1H), 7,39 (s,
1H), 7,32 (d, J = 7,8 Hz, 1H), 168,3, 148,2, 139,2,
o1 7,17 (d, 3= 7,3 Hz, 2H), 7,11 (t, 139,1, 134,2, 1336,
(’ J=78Hz, 1H), 7,05 (t, J=7,4 | 194,6, | 131,6,130,9, 130,2,
1.3 s,
) o) Hz, 1H), 6,91 (t, J=7,7Hz, | 188,7 | 1285, 128,1, 1277,
2H), 6,72 (d, J = 7,2 Hz, 2H), 127,3,127,2, 1256,
6,66 (t, J = 7,4 Hz, 1H), 6,59 (t, 1255, 118,4
J=175Hz, 2H)
87,24 (d, ] = 8,4 Hz, 3H), 7,19
(d,J=8,4 Hz, 2H), 7,16 (d, J = 168,7, 148,6, 142,3,
7,03 | 7,2 Hz, 2H), 7,07 (d, J = 7,4 Hz, loa6 139,1, 134,2, 1311,
13k | (s, 1H), 6,92 (t, J = 7,7 Hz, 2H), 188’ 2’ 130,9, 128,9, 128,5,
2H) | 6,73 (t, J = 7,4 Hz, 1H), 6,69 (d, " | 128,0,127,4, 127,2,

J=7,2Hz, 2H), 6,60 (t, J = 7,6
Hz, 2H)

118,1, 113,6
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7,36 (d, J = 4,2 Hz, 1H), 7,23 (d,
J=72Hz, 2H), 7,09 (t, J = 7,4

166,7, 146,2, 143,4,
139,4, 135,2, 133,5,

6,77 | Hz, 1H), 7,01 (d,J = 3,0 Hz,
1945, | 132,5,130,8, 130,6,
131 | (s, 1H), 6,96 (d, J = 7,7 Hz, 2H),
181,0 | 128,7,127,5, 1274,
2H) | 6,93 (d,J =64 Hz, 3H), 6,80
127,3, 127,1, 120,0,
(dd, J = 11,0, 7,0 Hz, 4H), , 6,66
118,1
— 6,62 (M, 1H)
167,4, 162,2, 159,7,
7,38 (d, J = 8,8 Hz, 2H), 7,23 (d,
157,7,139,3, 139,1,
J=73Hz, 2H), 7,07 (t,I=7,4
132,3,131,1, 130,7,
6,89 | Hz, 1H), 6,96 (t, J = 7,6 Hz,
1943, | 130,7,129,9, 1298,
13m| (s 2H), 6,77 (t, J = 7,4 Hz, 1H),
188,6 | 1283, 127,2, 124,0,
2H) | 6,75—6,66 (m, 1H), 6,53 (d, J =
123,8,123,1, 123,1,
8,8 Hz, 2H), 6,31 (t, J = 9,0 Hz,
122,2,117,4, 114,7,
1H), 3,69 (s, 3H)
114,5,112,8, 55,3
7,31 (d, J=8,7 Hz, 2H), 7,19 (d, 167,5, 162,0, 158,7,
J=7,3Hz, 2H), 7,08 (t, =74 146,3, 139,5, 132,1,
Hz, 1H), 6,94 (t, J = 7,7 Hz, loa6 131,3, 130,8, 130,6,
1.3p 3H), 6,67 (d, J = 8,6 Hz, 2H), 189’ 0’ 130,1, 128,9, 128,7,
6,49 (d, J = 8,7 Hz, 2H), 6,18 (d, " | 1284, 127,6, 1273,
J=8,6 Hz, 2H), 3,67 (s, 3H), 121,0, 118,0, 1128,
3,52 (s, 3H) 55,3, 55,1
7,24 -7,18 (m, 2H), 7,17 — 7,09 168,6, 148,7, 1482,
(m, 3H), 7,01 (d, J = 7,5 Hz, 140,2, 139,4, 133,3,
7,04 | 1H), 6,88 (t, J = 8,0 Hz, 2H), loas 131,9, 131,8, 130,8,
13q | (s, | 6,85(t J=83Hz 1H), 6,60 (d, 188’ 6’ 130,5, 128,9, 128,5,
2H) | J=8,0Hz, 2H), 6,47 (d,J=7,8 " 127,2,126,9, 125,2,

Hz, 2H), 2,51 (p, J = 6,9 Hz,
1H), 0,96 (d, J = 6,9 Hz, 6H)

121,2, 118,2, 33,7,
23,4
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7,28 (dd, J=6,9, 0,9 Hz, 2H),
7,13 (t, J = 7,4 Hz, 1H), 7,10 (d,

168,1, 146,9, 138,1,
137,8, 136,7, 134,6,

e 8,5 Hz, 2H), , 6,96 (t, J=7,8 | 1932, | 131,1,130,9, 129,9,
L3 Hz, 2H), 6,87 (d, J=8,4 Hz, | 190,1 | 1288, 127,5, 1275,
2A) 2H), 6,76 — 6,71 (M, 3H), 6,64 127,4,127,2, 121,8,

(t, J = 7,6 Hz, 2H) 117,9
7,28 (d, J = 7,8 Hz, 2H), 7,10 (d, 167,3, 147,5, 141,3,
6 86 J=8,1Hz, 3H), 6,95 (t, J= 7,7 138,3, 136,5, 134,8,
Hz, 2H), 6,76 (d,J=7,5Hz, | 1944, | 130,9,130,9, 128,9,
139 2(;’) 2H), 6,71 (d, J=8,0 Hz, 2H), | 190,2 | 128,0,127,4, 127,2,
6,68 (d, J = 7,6 Hz, 1H), 6,61 (t, 127,0, 121,6, 118,6,

J=17,6 Hz, 2H), 2,12 (s, 3H) 21,3

7,29 (dd, J=8,2, 1,2 Hz, 2H),

7,23 (dt, = 8,8, 2,8, 1,9 Hz, 166,5, 161,9, 147,2,
2H), 7,12 (tt, J = 7,3, 1,2 Hz, 138,3, 134,9, 131,8,
059 1H), 6,96 (t, J = 7,8 Hz, 1H), | 193,2, | 131,1,130,9, 130,8,
Lt 2(:) 6,81 — 6,75 (m, 2H), 6,75 6,69 | 190,1 | 128,9, 127,4, 127,1,
(m, 1H), 6,65 (t, J = 7,4 Hz, 2H), 1217, 118,8, 112,7,

6,43 (dt, J = 8,9, 3,0, 2,0 Hz, 55,2

2H), 3,65 (s, 3H)
7,88 (ddd, J=8,2, 2,4, 1,2 Hz,

1H), 7,82 (t, J = 2,0 Hz, 1H), 169,1, 146,6, 146,2,
7,59 (dt, J = 7,7, 1,3 Hz, 1H), 140,7, 138,0, 134,5,
7,23 -7,14 (m, 3H), 7,14 - 7,08 | 191,5, | 133,8, 131,1, 130,8,
L3 (m, 1H), 6,96 (t, J = 7,8 Hz, 2H), | 189,9 | 128,7,128,6, 127,8,

6,81 6,73 (m, 2H), 6,70 — 6,62
(m, 1H), 6,59 (dd, J=8,1, 6,6
Hz, 2H)

127,4, 127,3, 124,8,
123,9, 117,2
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7,28 (d, J= 9,3 Hz, 1H), 7,13 —

168,4, 147,0, 140,9,

6,96
- 7,08 (m, 3H), 7,04 (s, 3H), 7,02 138,1, 134,6, 133,2,
’7 6_ — 6,98 (M, 2H), 6,88 (t, J=7,8 | 192,9, | 131,0, 130,6, 130,5,
1.3v )
) Hz, 1H), 6,78 — 6,73 (m, 2H), | 190,1 | 128,9, 128,8, 128,8,
Z,
o) 6,70 (d, J = 6,8 Hz, 1H), 6,68 (d, 127,6, 127,4, 127,2,
J=17,7Hz, 2H) 126,4,121,9, 117,8.
7,35 (d, J = 8,8 Hz, 2H), 7,15
(dt, J=7,7, 1,3 Hz, 1H), 7,07 (t, 167,8, 162,2, 158,6,
J=1,8 Hz, 1H), 7,03 (dt, J = 1455, 141,1, 136,1,
6,96 | 8,0,1,4 Hz, 1H), 6,93 (t,J=7,8 l028 133,1, 131,1, 130,7,
1.3x | (s, Hz, 1H), 6,64 (t, J = 7,7 Hz, 188’ 8’ 130,5, 128,7, 128,5,
2H) | 1H), 6,53 — 6,45 (m, 2H), 6,41 " | 1261, 123,4, 115,6,
(d,J=7,7 Hz, 1H), 6,30 (d, J = 114,1, 112,8, 55,3,
8,4 Hz, 2H), 3,69 (s, 3H), 3,50 55,0
(s, 3H)
166,1, 161,9, 158,4,
7,35 (d, J = 8,6 Hz, 2H), 7,26 (d,
145,9, 136,3, 132,0,
J=9,1Hz), 6,67 (s, 1H), 6,63 (t,
6,50 131,8, 131,4, 131,2,
1H), 6,46 (d, J = 8,8 Hz, 2H), | 193,2,
13y | (s 130,9, 130,9, 129,8,
6,34 (s, 1H), 6,31 (dd, J=8,2, | 1889
2H) 128,4, 123,7, 116,0,
2,3 Hz, 1H), 3,69 (s, 3H), 3,66
113,8, 112,8, 112,6,
(s, 3H), 3,48 (s, 3H)
55,3, 55,3, 55,1
7,28 (d, J=7,5 Hz, 2H), 7,23 (d, 166,6, 161,9, 147,6,
650 J=8,7Hz,2H), 7,13 (d, J=7,4 138,4, 137,1, 131,9,
(’ Hz, 1H), 6,97 (t, J=7,7 Hz, | 1933, | 131,8,131,1, 130,7,
1.3z S,
o) 2H), 6,64 (d, J=7,9 Hz, 2H),, | 190,1 | 130,6, 128,9, 127,7,

6,44 (d, J = 8,4 Hz, 4H), 3,66 (s,
3H), 1,97 (s, 3H)

127,3,121,4, 118,8,
112,6, 55,3, 20,8
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Bang S3. Dit liéu 'H va 3C NMR cua cac hop chit ethyl thiophene-3-carboxylate

(@
Ar] O/“
o. [/ \
s Ph
Ar?
Hop H NMR (ppm) 1C NMR (ppm)
chét Ar CH, | CHs; | C=0 | COO Ar CH2 | CHg
149,5, 1458,
137,5, 134,7,
7,62 — 7,56
133,4, 132,8,
(m, 5H),
4,00 | 0,88 132,4, 132,3,
7,44 (dd,J =
(q,3 | (t,J 130,4, 129,9,
5,0, 1,7 Hz,
= = 129,7, 129,6,
1.6a | 4H), 7,33 (t, 189,6 | 165,1 61,3 | 13,5
71 | 71 129,5, 129,3,
J=17,4Hz,
Hz, | Hz 129,2, 128,8,
1H), 7,23 —
2H), | 3H) 128,7, 128,3,
7,09 (m,
128,0, 127,9,
10H),
127,8, 127,8,
127,7,127,5,
164,54,
7,68 —7,53 149,65,
(m, 6H), | 4,00 | 0,88 145,62,
7,49-739 | (q,J | (t,J 137,41,
(m, 4H), = = 134,52,
1.6b 188,19 | 166,06 61,38 | 13,48
723-706 | 71 | 71 133,65,
(m, 6H), Hz, | Hz, 132,06,
6,83 (t,J= | 2H) | 3H) 129,59,
8,6 Hz, 2H) 129,40,
128,83
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128,75,

128,07,
127,87,
114,96,
7,66 (d, J =
7,8 Hz, 1H),
7,62 (s, 1H), 150,7, 146,3,
7,57 —17,50 138,0, 137,3,
(m, 2H), 134,2, 132,5,
3,91 | 0,79
7.43(d,J= 132,3,132,2,
(,J | (tJ
78Hz 1H), | | 130,3, 130,0,
1.6¢ | 7,40-7,32 7_1 7_1 188,5 | 164,9 | 129,7,129,5, | 61,4 | 135
(m, 3H), ’ ’ 128,8, 1288,
Hz, | Hz,
7,21 (t,J= 128,5, 1284,
2H) | 3H)
7,8 Hz, 1H), 128,4,128,2,
7,11 7,04 127,9, 126,2,
(m, 2H), 126,2,
7,01(d,J=
5,2 Hz, 3H)
7,637,557 151,2, 146,86,
(m, 2H), 141,1, 137,1,
755 (d, J= | 4,00 | 0,86 134,1, 133,6,
8,2 Hz, 2H), | (q,J | (t,J 132,6, 132,1,
749-743 | = | = 131,5, 130,1,
1.6d 188,3 | 164,8 615 | 13,5
(m,3H), | 7.1 | 7,1 129,7, 129,7,
739(d,J= | Hz, | Hz, 129,4, 1288,
8,3 Hz, 2H), | 2H) | 3H) 128,8, 1284,
719-7,03 128,1, 127,9,
(m, 5H) 117,9, 115,0
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150,5, 1445,

7,63 7,56
138,5, 137,9,
(m, 5H),
137,6, 132,6,
748742 | 3,98 | 0,88
oo | @ 132,2, 131,9,
m! ) ) )
| 130,1, 130,0,
738(tJ=| = | =
1.6e 189,0 | 1645 | 129,9,129,8, | 61,4 | 13,4
75Hz, 1H), | 71 | 71
129,5, 129,3,
7,35(d,J= | Hz, | Hz,
129,0, 128,9,
8,1 Hz, 2H), | 2H) | 3H)
128,8, 128,6,
7,22 (t, =
128,3, 128,0,
7.7 Hz, 2H)
124,7,124.6,
7,62 (d,J=
8,2 Hz, 2H),
7,57 (dd, J =
6,2, 2,7 Hz, 160,3, 152,8,
2H), 7,50 — 141,1, 140,1,
3,99 | 0,87
7,39 (m, 132,2, 131,6,
(q,J | (t,J
8H),721- | | 130,7, 130,7,
16f | 7,15 (m, 7_1 7_1 1879 | 163,8 | 129,7,129,2, | 61,3 | 13,4
1H), 7,09 (t, | ’ 129,1, 1286,
Hz, | Hz,
J=74Hz 123,8, 123,8,
2H) | 3H)
1H), 6,92 (t, 117,9, 115,2,
J=75Hz, 115,2, 115,1
1H), 6,84 (t,
J=9,1Hz,
1H)
8,01 (d,J= | 4,00 | 0,87 160,3, 158,3,
169 | 8,7 Hz, 2H), | (9.9 | (t,J | 187,7 | 1638 | 153,1,149,3, | 61,3 | 13,4
767, d=| = | = 142,8, 140,3,
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86Hz 2H), [ 71 | 71 137,9, 133,7,
757 (dd, J=| Hz, | Hz, 132,1, 131,9,
6,1,2,6 Hz, | 2H) | 3H) 131,6, 130,7,
3H), 7,51 — 130,7, 130,2,
7,38 (m, 129,7,129.1,
4H), 7,20 — 128,7, 1285,
7,12 (m, 123,8, 1238,
1H), 7,10 (t, 122,9, 1228,
J=75Hz 122,6, 115,3,
1H), 6,92 (t, 115,1
J=74Hz
1H), 6,83 (t,
J=9,0 Hz,
1H)
8,31 (s, 1H), 160,2, 158,3,
8,15 (d, J = 153,0, 147,2,
8,2 Hz, 1H), 140,0, 138,6,
7,94 (d,J = 137,9, 1343,
7,7 Hz, 1H), 133,6, 132,2,
7,60 (dd, J = 021 0.89 131,9, 131,5,
(a,J | (t,J
61,25Hz, | | 130,7, 130,6,
16h| 3H),754— | | | 187,0 | 1638 | 130,1,129,7, | 61,3 | 13,4
7,45 (m, phpd 129,2,129,1,
4H), 7,43 (t, Rz, | hz 128,6, 1286,
J=79Hz 2H) | 3H) 128,5, 126,3,
1H), 7,16 (t, 124,1, 1238,
J=74Hz 123,8, 1228,
1H), 7,13 — 122,7,115,2,
7,07 (m, 115,0
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1H), 6,91 (t,

J=7,5Hz,

1H), 6,81 (t,

J=9,0Hz,

1H)

7.62(d, J=

7.5 Hz, 2H),

7,57 (dd, J =

6,5, 2,7 Hz,

3H), 7,50 — 155.8, 149.5,
4,04 | 0,94

7,41 (m, 146,0, 137,6,
(,J | (t,J

4H),737( | | 136,8, 132.4,

16i | J=74Hz, 7_1 7_1 1900 | 1656 | 130,9, 129.6, | 61.6 | 13,6

1H), 7,21 (t, | ’ 129,3, 128,7,
Hz, Hz,

1=77Hz 128.5, 127.9,
2H) | 3H)

2H), 7,04 126,6, 114,9

(d,J=84

Hz, 2H),

6,54 (d, J =

8,5 Hz, 2H)

7,50 (dd, J = 148.4, 145 3,

6.4,29Hz, 143,7. 1360,
393 | 0.80

2H), 7,46 134,8. 1343,
(@J 1 (tJ

d3=49 | | 132.3,129.4,

16j | Hz 1H), 7_1 7_1 180,3 | 1651 | 129,3,128.9, | 614 | 135

740(d,J= | ’ 128,7,128,1,
Hz, | Hz,

5,3 Hz, 1H), 128,0, 128.0,
1H) | 3H)

738-7.28 127.9,127.0,

(m, 3H), 127.8,127.7
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7,27 -17,22
(m, 3H),
721-7,12
(m, 5H),
6,83 - 6,78
(m, 1H)

Bang S4. Dit liéu 'H va 3C NMR cua cac hop chat 3-arylquinoxaline-2-thione 2.3

NS
R1 | A
| _ _
N Ar

Hop 'H NMR (ppm) 1C NMR (ppm)
chét NH Ar C=S Ar
165,4, 143,8,
7,88 — 7,86 (m, 1H), 7,86 — 140,6, 137,1,
145 ( 7,80 (m, 2H), 7,65 (td, J = 136,4, 134,7,
] Sl
2.3aa 1H) 7,7,7,1, 1,4 Hz, 1H), 7,60 179,6 134.,6, 134,3,
(dd, J = 8,3, 1,4 Hz, 1H), 134,0, 133,9,
7,49 — 7,40 (m, 4H) 132,4, 131,1,
120,8
160,5, 139,3,
7,9 (dd, J=8,1, 1,3 Hz, 1H),
136,1, 135,9,
7,8 (d,J=8,2 Hz, 2H), 7,7 -
132,2,131,4,
145 (s, | 7,6 (m, 1H), 7,6 (dd, J = 8,4,
2.3ab 1749 129,9 (2C),
1H) 1,5 Hz, 1H), 7,5 - 7,4 (m,
129,2, 128,2
1H), 7,3 (dd, J = 8,1, 2,0 Hz,
(2C), 126,3,
2H), 2,4 (s, 3H)
116,0, 21,5
14,5 (s, 7,9 (dd, J=8,1, 1,3 Hz, 1H), 160,8, 139,0,
2.3ac 174,8
1H) 7,7-7,6 (m, 2H), 7,6 - 7,6 136,8, 135,9,
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(m, 2H), 7,5 (ddd, J = 8,3, 132,2, 131,6,
7,0,1,4Hz, 1H), 7,3 (t,J = 130,3, 130,2,
7,6 Hz, 1H),7,3(d, J=7,6 129,2, 127,5,
Hz, 1H), 2,4 (s, 3H) 127,1, 126,3,
116,1,21,5
7,9 (dd, J=8,2, 1,3 Hz, 1H),
7,8 (d, J=8,0 Hz, 2H), 7,6 160,4, 144,2,
(td, J=7,6,6,9, 1,4 Hz, 1H), 136,4, 135,9,
7,6 (dd, J=8,3,1,5 Hz, 1H), 132,2, 1315,
145(s, |75(ddd, J=8,4,7,1,1,5Hz, 130,0 (2C),
2.3ad 174,8
1H) 1H), 7,3 (d, J = 8,0 Hz, 2H), 129,1,127,6
2,6 (t, J=7,7Hz, 2H), 1,6 (2C), 126,3,
(q,J=7,5 Hz, 2H), 1,3 (qd, 116,0, 35,5, 31,4,
J=8,1,74,33Hz 4H),09 31,0, 22,4, 14,4
(t, J = 6,8 Hz, 3H)
160,7, 159,7,
136,0, 132,0,
8,0—7,9 (m, 2H), 7,9 (dd, J
131,8 (2C),
145(s, | =8,1,13Hz,1H),7,7-7,5
2.3ae 1748 | 131,2,131,1,
1H) (m, 2H), 7,5 - 7,4 (m, 1H),
129,1, 126,3,
7,1-6,9 (m, 2H), 3,8 (s, 3H)
116,0, 113,0
(2C), 55,7
160,4, 158,7,
7,9 (dd, J=8,1, 1,4 Hz, 1H),
140,2, 135,8,
7,7 (ddd, J =8,4,7,0, 1,4 Hz,
132,3, 131,6,
145(s, | 1H), 7,6 (dd, J=8,3, 1,4 Hz,
2.3af 1747 | 129,2, 1288,
1H) 1H), 7,5 (ddd, J = 8,3, 7,0,
126,3, 1223,
1,5 Hz, 1H), 7,4 - 7,4 (m,
116,1, 115,7,
2H), 7,4 (t, J = 7,8 Hz, 1H),
115,1, 55,6
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7,0 (ddd, J=8,0, 2,6, 1,2 Hz,
1H), 3,8 (s, 3H)

7.8 (dd, =82, 1,4 Hz, 1H),
7.7 (ddd, J=8,4,7,1, 1,4 Hz,

161,9, 1572,
1H), 7,6 (dd, J = 8,4, 1,4 Hz,
135,5, 132,4,
1H), 7,5 (ddd, J = 8,4, 7,1,
131,6, 130,3,
144(s, | 1,4Hz 1H), 7,4 (ddd,J=
2.3ag 175,8 | 129,8, 129,2,
1H) 8,3, 7,4, 1,8 Hz, 1H), 7,2
129,1, 126,1,
(dd, J=7,4, 1,8 Hz, 1H), 7,1
120,5, 116,1,
(dd, J = 8,4, 0,9 Hz, 1H), 7,0
111,8, 56,0
(td, J = 7,4, 1,0 Hz, 1H), 3,7
(s, 3H)
163,0 (d, J =
8,0 - 7,9 (m, 2H), 7,9 (dd, J 246,6 Hz), 159,6,
= 8,2, 1,3 Hz, 1H), 7,7 (ddd, 135,9, 135,3,
145(s, | J=84,70,14Hz, 1H), 7,6 135,3, 132,4 (d, J
2.3ah 174,7
1H) (dd, J=8,3, 1,4 Hz, 1H), 7,5 = 8,2 Hz), 131,7,
(ddd, J=8,4,7,1, 1,4 Hz, 129,2, 1264,
1H), 7,3 - 7,2 (m, 2H) 116,1, 114,6 (d, J
= 21,6 Hz)
7.9 (dd, J = 8,6, 5,4 Hz, 2H), 159,5, 1377,
7.9 (d, J=8,8 Hz, 1H), 7,7 135,9, 134.4,
146 (s, | (t, J=7,6Hz, 1H), 7,6 (dd, J 132,4 (3C),
2.3ai 174,5
1H) =83, 1,3 Hz, 1H), 7,5 (d, J 131,8, 129,3,
= 8,5 Hz, 2H), 7,5 (dd, J = 127,8 (2C),
8,1, 6,6 Hz, 1H) 126,4, 116,1
146 7.9 (dd, J=7,8, 1,6 Hz, 2H), 159,3, 140,9,
) Sl
2.3 ) 7.8 (dt, J=7,6,1,5Hz, 1H), | 1745 | 135,8, 132,5,
7.7 (ddd, J =8,4,7,0, 1,4 Hz, 132,4, 132,0,
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1H), 7,6 (dd, J = 8,2, 1,4 Hz, 129,7, 129,6,
1H), 7,6 — 7,4 (m, 3H) 129,4, 129,4,
128,6, 126,4,
116,2

159,6, 138,1,
7,9 (dd, J=8,2, 1,3 Hz, 1H), 135,9, 132,4,

1466 7.8 (d, J=8,5Hz, 2H), 7,7 132,1 (2C),

2.3ak (t, J=83Hz 3H), 7,6 -7,6 | 1745 | 131,9, 130,7
1) (m, 1H), 7,5 (td, J = 7,6, 6,8, (2C), 129,3,
1,5 Hz, 1H) 126,4, 123,1,

116,2

8,0 (d, J=8,1 Hz, 2H), 7,9 159,6, 143,0,

(dd, J=8,2, 1,3 Hz, 1H), 7,8 135,9, 1326,

1466 (d, J = 8,1 Hz, 2H), 7,7 (ddd, 132,1, 130,7

2.3al J=84,71 14Hz 1H), 7,6 | 1744 | (2C), 129,8,
1) (dd, J=8,3, 1,4 Hz, 1H), 7,5 129,5, 129,4,

(ddd, J =84, 7,1, 1,3 Hz, 126,5, 124,7,

1H) 124,7,116,2

8,0 (d, J=8,5 Hz, 2H), 8,0 166,4, 160,0,

(d, J = 8,3 Hz, 2H), 7,9 (dd, 143,6, 135,9,

1466 J=81,1,3Hz, 1H), 7,7 132,5, 132,1,

2.3am ) (ddd, J=8,3,7,1,1,4Hz, | 1745 | 1304, 130,3
1H), 7,6 (dd, J = 8,4, 1,3 Hz, (2C), 129,4,

1H), 7,5 (ddd, J = 8,3, 7,1, 128,6 (2C),

1,4 Hz, 1H), 3,9 (s, 3H) 126,5, 116,2, 52,7

85 (t, J = 1,8 Hz, 1H), 8,2 166,5, 159,7,

146 (s, | (d,J=7,8Hz, 1H), 8,0 (d, J 139,4, 135,9,

2-3an 1H) | =7.8Hz 1H),7,9(d,J =82 LS 134,7, 132,5,
Hz, 1H), 7,7 (ddd, J = 8,5, 131,9, 130,7,
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7.1, 1,4 Hz, 1H), 7,6 (s, 1H),
7.6 (d,J=78Hz, 1H), 7,5
(ddd, J=8,4,7,1, 1,4 Hz,
1H), 3,9 (s, 3H)

130,2, 129,3,
129,2, 128,3,
126,4, 116,2, 52,7

159,4, 143,6,
8,0 (d, J =8,3 Hz, 2H), 8,0 - 135,9, 132,6,
14,6 (s, 7,9 (m, 3H), 7,7-7,7 (m, 132,2,131,8,
2.3a0 174,3
1H) 1H), 7,7-7,6 (m, 1H), 7,5 — 130,8, 129,4,
7,5 (m, 1H) 126,5, 119,2,
116,2,112,0
9,0(s,1H), 8,6 (d,J=4,8
158,6, 150,2,
Hz, 1H), 8,3 (dd, J = 1754,
150,1, 137,4,
7,8 Hz, 1H), 7,9 (d, J = 8,1
136,0, 134,9,
2.3ap Hz, 1H), 7,7 (ddt, J = 51,4, 174,7
132,5, 132,0,
27,1, 7,6 Hz, 1H), 7,6 (dd, J
129,4, 126,5,
=35,8,8,4 Hz, 1H), 7,5 -
122,8, 116,2
7,4 (m, 2H)
159,4, 1415,
139,0, 136,3,
7,79 (d, J = 8,4 Hz, 3H),
135,7, 134,8,
7,65 (s, 1H), 7,35 (s, 1H),
14,37 (s, 130,5, 130,0
2.3bb 7,23 (d, J =8,1 Hz, 4H), 173,7
1H) (2C), 128,8,
2,37 (s, 3H), 2,36 (s, 3H),
128,2 (2C),
2,32 (s, 3H)
115,8, 21,5, 20,5,
19,7
159,7, 141,6,
7,8-7,5(m, 3H), 7,3 (s,
0 14,4 (s, 139,2, 136,7,
2.3bc 1H), 7,3 (t, J=7,6 Hz, 1H), | 173,7
1H) 135,7,134,7,

7.2(d, J=7,6 Hz, 1H), 2,4

130,6, 130,4,
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(d, J=5,9 Hz, 6H), 2,3 (s, 130,0, 128,8,
3H) 1275, 127,2,
115,8, 21,5, 20,5,
19,7
159,4, 143,9,
7,80 (d, J = 8,5 Hz, 2H),
141,5, 136,6,
7,65 (s, 1H), 7,36 (s, 1H),
135,7, 134,8,
7,24 (d, J = 8,0 Hz, 2H),
130,5, 130,0
14,37 (s, | 2,63 (t,J=7,7 Hz, 2H), 2,36
2.3bd 173,7 (2C), 128,8,
1H) (s, 3H), 2,33 (s, 3H), 1,62 (p,
127,5 (20),
J=7,4Hz 2H),1,38-1,25
115,8, 35,5, 31,4,
(m, 4H), 0,88 (t, J = 6,6 Hz,
31,0, 20,5, 19,7,
3H)
14,4
160,5, 158,7,
141,3, 135,7,
7,9 (dd, J=9,1, 2,4 Hz, 2H), 134,8, 131,7
14,4 (s, | 7,6 (s, 1H), 7,4 (s, 1H), 7,0 — (2C), 131,4,
2.3be 173,7
1H) 6,9 (m, 2H), 3,8 (s, 3H), 2,3 130,4, 128,7,
(d, J = 15,7 Hz, 6H) 115,7, 112,9
(2C), 55,7, 20,5,
19,7
160,7, 157,2,
7,6 (s, 1H), 7,4 (td, J = 7,8, 141,5, 1354,
1,8 Hz, 1H), 7,4 (s, 1H), 7,2 134,3, 130,7,
14,3 (s, | (dd,J=7,4,18Hz 1H), 7.1 130,1, 129,9,
2.3bf 174,8
1H) (d, J=8,3Hz, 1H), 7,0 (t, J 129,4, 128,8,
= 7,4 Hz, 1H), 3,7 (s, 3H), 120,4, 115,8,

2,3 (d, J = 22,4 Hz, 6H)

111,8, 56,0, 20,5,
19,7
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159,3, 158,7,

141,7, 140,4,
7.6 (s, 1H), 7,4 — 7,4 (m,
135,7, 134,6,
2H), 7,4 — 7,3 (M, 2H), 7,0
14,4 (s, 130,6, 128,8,
2.3bg (ddd,J=8,1,27,1,1Hz, | 173,6
1H) 128,7, 122,3,
1H), 3,8 (s, 3H), 2,3 (d, J =
115,8, 115,7,
18,3 Hz, 6H)
115,0, 55,6, 20,5,
19,7
162,9 (d,J =
246,5 Hz), 158,5,
141,8, 1358,
8,1-7.8(m, 2H), 7,7 (s, 135,5, 134,7,
144 (s, | 1H), 7.4 (s, 1H), 7,372 132,3(d, J=8,4
2.3bh 173,5
1H) (m, 2H), 2,3 (d, J = 18,1 Hz, Hz) (2C), 130,7,
6H) 128,8, 115,8,
114,5 (d, J = 21,6
Hz) (2C), 20,5,
19,7
158,2, 143,7,
142,5, 136,0,
8,0 (d, J = 8,3 Hz, 2H), 7,9
134,7,131,7
145(s, | (d,J=83Hz 2H),7,7 (s,
2.3bi 173,1 | (2C), 130,8 (2C),
1H) 1H), 7,4 (s, 1H), 2,4 (s, 3H),
129,0, 119,2,
2,3 (s, 3H)
115,9, 111,8,
20,6, 19,7
158,1, 142,2,
7.9 (t, J=1,9 Hz, 1H), 7,8
14,5 (s, 141,1, 1359,
2..3bj (dt, J=75,15Hz, 1H), 7,7 | 1733
1H) 134,7, 132,3,

(s, 1H), 7,6 — 7,4 (m, 2H),

130,8, 129,7,
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7.4 (s, 1H), 2,3 (d, J= 19,8 129,7, 129,2,
Hz, 6H) 128,9, 128,7,
115,8, 20,5, 19,7
158,5, 1420,
138,3, 135,9,
7.8 (d, J=8,5Hz, 1H), 7,7
134,7,132,1
144 (s, | (s, 1H),7,6 (d,J =84 Hz,
2.3bk 1733 | (2C), 130,8,
1H) 1H), 7,4 (s, 1H), 2,4 (s, 3H),
130,7 (2C),
2.3 (s, 3H)
128,9, 122,9,
115,9, 20,5, 19,7
158,5, 143,2,
142,4, 136,0,
8,0 (d, J=8,1 Hz, 2H), 7,8 134,7, 130,9,
145, | (d,J=82Hz 2H), 7,7 (s, 130,7 (2C),
2.3l 173,3
1H) 1H), 7,4 (s, 1H), 2,4 (d, J = 129,6, 129,4,
21,0 Hz, 6H) 128,9, 124,7,
124,6, 115,9,
20,5, 19,7
166,4, 158,8,
1437, 142,3,
8,0 (d, J = 8,4 Hz, 2H), 8,0 135,9, 134,7,
145, | (d,J=84Hz 2H), 7,7 (s, 130,9, 130,3
2.3bk 173,3
1H) 1H), 7,4 (s, 1H), 3,9 (s, 3H), (2C), 130,2,
2,3 (d, J = 20,9 Hz, 6H) 128,9, 128,5
(2C), 115,9, 52,7,
20,5, 19,7
15 8,4 (t, J=1,8 Hz, 1H), 8,2 166,5, 1585,
) Sl
2.3bn ) (dt, J=77,15Hz, 1H), 8,0 | 1733 | 1421, 139,6,
(dt, J=7,8, 1,5 Hz, 1H), 7,7 135,9, 1348,
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(s,1H), 7,6 (t, J=7,8 Hz, 134,7, 130,9,
1H), 7,4 (s, 1H), 3,9 (s, 3H), 130,7, 130,1,
2,4 (s, 3H), 2,3 (s, 3H) 129,2, 1289,
128,2, 115,9,
52,7, 20,5, 19,7
158,2, 143,7,
142,5, 136,0,
8,01 (d, J = 8,3 Hz, 2H),
134,7, 131,7,
14,49 (s, 7,90 (d, J = 8,4 Hz, 2H),
2.3bo 1731 131,0, 130,8,
1H) 7,68 (s, 1H), 7,37 (s, 1H),
129,0, 119,2,
2,37 (s, 3H), 2,33 (s, 3H)
115,9, 111,8,
20,6, 19,7
157,3, 150,1,
9,0(d,J=2,1Hz, 1H), 8,6
150,0, 142,2,
(dd,J =49, 1,7 Hz, 1H), 8,3
137,5, 136,0,
14,5 (s, (dt,J=17,9, 2,0 Hz, 1H), 7,7
2.3bp 173,5 135,0, 134,8,
1H) (s,1H),7,5(dd,J=7,9,4,9
130,9, 128,9,
Hz, 1H), 7,4 (s, 1H), 2,3 (d, J
122,8, 115,9,
= 19,7 Hz, 6H)
20,5, 19,7
160,6, 159,7,
7,84 (tt, J = 4,3, 2,2 Hz, 2H),
14,47 (s, 142,2,139,1,
7,76 (d, J = 8,3 Hz, 1H),
2.3ca IH san 136,1, 136,0,
N' y 7,69 (s, 1H), 7,52 — 7,47 (m, 1344 1330
hAn h ém H 1 ] )
onhop | P 2H), 7,46 — 7,40 (M, J = 1,9
dong chinh), 174,6 132,2,130,4,
- Hz, 4H), 7,38 (s, 1H), 7,31
phanti | 14,44 (s, 129,9, 129,9,
. (dd,J=8,2,1,9 Hz,1), 2,46
|@ 2/1 1H san i 129,5, 129,5,
, (s, 3H san pham phu), 2,42
pham phu) . 129,0, 128,56,
(s, 2H san pham chinh)
127,9, 127,7,
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115,8, 115,5,

22,0, 21,2
160,6, 159,7,
7,8 (dt, J=7,6, 3,1 Hz, 3H), 142,2,139,1,
2 3da 7,8 (d, J=8,3Hz, 1H), 7,7 136,1, 136,0,
han h s, 1H), 7,5 (s, 2H), 7,4 (dq, 133,0, 130,4,
ONNOP T 143, (5, 1), 7.5 (s, 28). 74 (da. | 006,
dong J=5,3,2,9Hz, 4H), 7,3 (dd, 129,9, 1295,
) 2H) 173,9
phan ti J=85,1,8Hz 1H), 2,5 (s, 129,5, 129,0,
1€ 2/1 3H san pham phy), 2,4 (s, 128,6, 127,9,
3H san pham chinh) 127,7, 115,9,
115,5, 21,9, 21,2
158,0, 138,7,
7,87 (d, J = 7,9 Hz, 2H), 136,0, 135,0,
7,41 (d, J = 8,4 Hz, 1H), 134,1, 133,9,
14,35 (s,
2.3eb 1H) 7,33(d,J=84Hz 1H), | 172,7 | 132,6,130,0,
7,24 (d, J = 7,8 Hz, 2H), 129,6, 129,5,
2,37 (s, 3H), 2,32 (s, 3H) 127,7,112,3,
21,0, 12,6
157,1, 1428,
8,11 (d, J = 8,0 Hz, 2H), 135,3,134,2,
7,82 (d, J = 8,1 Hz, 2H), 134,1, 1334,
14,50 (s,
2.3ek 1H) 7,50 (d,J=8,4Hz, 1H), | 172,3 | 130,5,130,3,
7,37 (d, J = 8,4 Hz, 1H), 124,2,124,2,
2,54 (s, 3H), 2,35 (s, 3H) 124,1, 1125,
19,5, 12,6
165,2, 162,5,
8,2 (d,J=1,6 Hz, 1H), 8,0 -
14,6 (s, 138,7, 138,2,
2.3fa 79 (m,2H),79-7,8(m, | 1757
1H) 130,0, 129,9,

2H), 7,5-7,4 (m, 3H), 4,4

129,6, 127,7,

5167




(0, J=7,1Hz, 2H), 1,4 (t, J 1259, 117,3,
= 7,1 Hz, 3H) 61,9, 14,6
164,6, 161,0,
8,2 (d, J=1,8 Hz, 1H), 8,0
142,1, 137,6,
(d, J = 8,0 Hz, 2H), 8,0 (d, J
131,9, 131,6,
= 8,4 Hz, 1H), 7,9 (dd, J =
14,7 (s, 130,2, 129,2,
2.3fl 84,18 Hz, 1H), 7,8 (d,J= | 1748
1H) 125,4, 124,2,
8,2 Hz, 2H), 4,4 (g, J = 7,1
124,2, 124,2,
Hz, 2H), 1,4 (t, J = 7,1 Hz,
124,2, 116,9,
3H)
61,5, 14,1
174,8, 160,9,
142,1, 138,4,
8,1 (d, J = 8,0 Hz, 2H), 8,0 137,2, 136,4,
(d, J = 8,4 Hz, 1H), 7,9 (d, J 133,1, 131,7,
146(s, | =1,9Hz 1H),7,8(dd,J= 130,2, 129,8,
2.3gk 194,5
1H) 8,0, 4,4 Hz, 4H), 7,8 — 7,7 129,1, 128,7,
(m, 2H), 7,6 (t, J = 7,5 Hz, 128,6, 1260,
2H) 124,3, 124,2,
124,2, 124,2,
117,5

Bang S4. Dit liéu *H va 13C NMR cuia cac hop chat furan da nhom thé 3.3

Hop
chét

'H NMR (ppm)

1C NMR (ppm)

Ar C=0

Ar
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7,96 (d, J = 7,6 Hz, 2H),
7,55 — 7,45 (m, 3H), 7,39 (t,

151,6, 146,2, 1378, 1372, 132,1,
131,9, 131,2, 130,5 (2C), 130,2
(2C), 129,7 (2C), 128,8, 128,6

33a | J=7,6Hz 2H),7,35-7,27 | 1834
(2C), 128,5 (2C), 128,0 (2C) ,
(m, 6H), 7,16 (p, J = 7,0, 6,5
127,7, 127,6 (2C), 126,8 (2C),
Hz, 7H)
125.4
8,00 — 7,95 (m, 2H), 7,53 —
151,5, 146,2, 138,0, 1375 (2C),
7,47 (m, 3H), 7,41 (t, J=7,7
137,3, 132,1, 130,5 (2C), 130,1
Hz, 2H), 7,32 — 7,27 (m,
(2C), 129,8, 129,7 (2C), 128,8,
33b | 6H),7,17(dd,J=6,6,2,9 |1833
128,7 (2C), 128,5 (2C), 128,4
Hz, 2H), 7,05 (d, 2H), 6,98
(2C), 128,1, 128,0 (2C), 127,7,
(d, J = 7,9 Hz, 2H), 2,27 (s,
126,8 (2C), 125,4, 21,3
3H)
7,99 — 7,89 (m, 2H), 7,58 —
7,52 (m, 2H), 7,50 — 7,45
151,7, 148,2, 146,2, 138,0, 137,3,
(m, 1H), 7,43 — 7,27 (m,
132,1, 132,0, 130,5, 130,2, 1298,
8H), 7,23 — 7,17 (m, 2H),
3.3¢ 183,6 | 129,7,128,8, 128,6, 128,5, 128,3,
7,08 (d, J = 8,5 Hz, 2H),
127,9, 127,7, 126,8, 125,7, 125,3,
7,02 (d, J = 8,3 Hz, 2H),
33,8, 23,8
2,84 (p, J = 6,9 Hz, 1H),
1,21 (d, J = 6,9 Hz, 6H)
8,02 — 7,99 (m, 2H), 7,58 —
151,6, 146,6, 137,7, 136,9, 136,6,
7,54 (m, 2H), 7,50 (tt, J =
132,1, 131,9, 131,5, 130,1, 129,9
7.5, 1,4 Hz, 1H), 7,41 (t, J =
(2C), 129,8, 129,7, 129,6 (2C),
33d | 7,7 Hz, 2H), 7,32 - 7,29 (m, | 182,8

3H), 7,25 — 7,22 (m, 3H),
7,13 — 7,07 (m, 4H), 7,06 —
7,03 (m, 2H), 2,08 (s, 3H)

128,9, 128,6 (2C), 128,5 (2C),
128,0 (2C), 127,9, 127,7, 126,9
(2C), 125,8, 125,2, 20,0
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8,00 — 7,95 (m, 2H), 7,53 (t,
J=73Hz, 1H), 7,52 — 7,49
(m, 2H), 7,43 (t, J = 7,7 Hz,

151,7, 146,3, 137,7, 135,7, 133,5,
133,1, 132,4, 131,5, 130,4 (2C),
130,3, 129,7 (2C), 129,5, 129,0,

33e | 2H),7,33-7,27(m, 6H), |183,2
128,9, 128,8 (2C), 128,6 (2C),
7,19 - 7,14 (m, 4H), 7,11 (t,
128,4, 128,2 (2C), 128,0, 127.9,
J=7,7Hz, 1H), 7,03 (dt, J =
126,8 (2C), 125,3
7.7, 1,4 Hz, 1H)
8,01 — 7,98 (m, 2H), 7,55 (it, 151,7, 146,1, 137,7, 136,0, 132,4,
J=7,3,1,5Hz, 1H), 7,51 — 131,9 (2C), 131,6, 130,9 (2C),
f 7,48 (M, 2H), 7,45 (t, J = 7,8 sy | 1304 (2C), 130,2, 129,8 (2C),
3.3 ,
Hz, 2H), 7,34 — 7,28 (m, 129,6, 129,0, 128,9 (2C), 128,6
8H), 7,16 — 7,13 (m, 2H), (2C), 128,2 (2C), 128,0, 126,8
7,07 — 7,04 (m, 2H) (2C), 1252, 122,1
151,7, 146,3, 137,7, 135,6, 133,4,
8,00 — 7,95 (m, 2H), 7,55 —
133,2, 132,4, 131,5, 130,8, 130,4
7,49 (m, 3H), 7,43 (t, J=7,7
(2C), 129,7 (2C), 129,5, 129,2,
33g | Hz,2H),7,34-7,27(m, |1833
129,0, 128,8 (2C), 128,7, 128,6
8H), 7,17 — 7,13 (m, 2H),
(2C), 128,2 (2C), 128,0, 126,8
7,10 — 7,02 (m, 2H)
(2C), 125,3, 121,7
8,02 (d, J= 7,0 Hz, 2H),
159,2, 151,6, 146,1, 138,1, 137,0,
7,59 — 7,49 (m, 3H), 7,49 —
132,1, 131,8, 131,6, 130,9, 1305,
7,41 (m, 2H), 7,33 (qt, J =
129,8, 129,8, 129,5, 129,3, 1288,
33h | 7,7, 4,1 Hz, 5H), 7,27 - 7,18 | 1834
128,7, 128,6, 128,4, 128,2, 1281,
(m, 2H), 7,15 (d, J = 8,7 Hz,
127,8, 126,8, 125,4, 123,3, 113,2,
2H), 6,75 (d, J = 8,8 Hz,
113,0, 55,1
2H), 3,77 (s, 3H)
8,05 (d, J = 8,4 Hz, 2H), 151,6, 146,3, 144,8, 140,2, 137,2,
33i | 7,65-7,60 (m, 4H), 7,55 |182,9| 136,6,131,9, 131,3, 130,5 (2C),

7,52 (m, 2H), 7,47 (t, J=7,6

130,4 (2C), 130,3 (2C), 129,8,
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Hz, 2H), 7,42 — 7,38 (m,
1H), 7,30 (dd, J = 4,9, 2,0
Hz, 6H), 7,20 — 7,14 (m, 7H)

128,9 (2C), 128,8, 128,7 (2C),

128,6 (2C), 128,1, 127,8, 127,7

(2C), 127,6, 127,3 (2C), 126,8
(2C), 126,7 (2C), 125,5

8,03 (d, 2H), 7,54 — 7,49 (m,
2H), 7,34 — 7,27 (m, 6H),

163,0, 151,1, 146,4, 136,5, 132,2
(2C), 132,0, 131,4 (2C), 130,5
(2C), 130,2 (2C), 129,9, 128,7,

3.3 182,0
7,21-7,14 (m, 7H), 6,91 (d, 128,6 (2C), 128,5 (2C), 127,7
2H), 3,87 (s, 3H) (3C), 127,6, 126,7 (2C), 125,3,
113,4 (2), 55,5
152,2, 145,8, 139,4, 137,9, 1342,
7,90 (t, J = 1,9 Hz, 1H), 7,81
132,0, 131,7, 131,0, 130,4 (2C),
(d, J=7,8Hz, 1H), 7,55 —
130,2 (2C), 129,8, 129,5, 1294,
3.3k | 7,50 (m,2H), 7,44 (dd, J= |181,8
129,0, 128,7 (2C), 128,6 (2C),
8,1, 2,2 Hz, 1H), 7,34 — 7,28
128,0, 127,9, 127,8 (2C), 127,7,
(m, 7H), 7,20 — 7,11 (m, 7H)
126,8 (2C), 125,5
8,04 — 8,01 (m, 2H), 7,57 —
151,6, 146,9, 137,5, 134.,4, 133,9,
7,54 (m, 2H), 7,51 (t, J = 7,4
132,3,131,7, 131,5, 131,4, 130,0
Hz, 1H), 7,42 (t, J = 7,7 Hz,
(2C), 129,7, 129,6 (2C), 129,2,
3.3 2H), 7,32 - 7,29 (m, 4H), | 182,7
129,1, 128,9, 128,6 (2C), 128,5
7,27 7,24 (m, 3H), 7,19 —
(2C), 128,1 (2C), 127,8, 126,8
7,14 (m, 3H), 7,13 - 7,10
(2C), 126,3, 125,7
(m, 2H)
8,05 (t, J = 1,8 Hz, 1H), 7,85 152,2, 145,7, 139,6, 137,9, 1349,
(d, J = 7,8 Hz, 1H), 7,59 (dt, 132,7,131,7, 131,0, 130,4 (2C),
J=709,15Hz, 1H), 7,54 — 130,2 (2C), 129,6, 129,5, 129,1,
3.3m 181,7

7,50 (m, 2H), 7,32 — 7,28
(m, 6H), 7,25 (t, J = 7,9 Hz,
1H), 7,20 — 7,10 (m, 7H)

128,7 (2C), 128,6 (2C), 128,1,
128,0, 127,9, 127,8 (2C), 126,8
(2C), 125,5, 122,2
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8,24 (d, J = 8,8 Hz, 2H),
8,06 (d, J = 8,8 Hz, 2H),

152,9, 149,5, 145,5, 143,2, 138,7,
131,4, 130,8, 130,7, 130,4, 130,1,

3.3n | 7,56 — 7,47 (m, 2H), 7,34 (tt, | 181,2 | 129,9, 1293, 129,3, 128,8, 128,7,
J=48,2,8Hz, TH), 7,23 - 128,6, 128,2, 128,0, 1278, 127,6,
7,14 (m, 6H) 126,9, 125,8, 123,2, 122,7
8,83 (t, J = 2,0 Hz, 1H), 8,37
~ 8,30 (m, 1H), 8,26 (dt, J = 153,0, 145,5, 139,1, 138,8, 1351,
7.7, 1,4 Hz, 1H), 7,61 (d, J = 131,5, 130,8, 130,7, 130,5, 130,3,
3.30 180,5
7,9 Hz, 1H), 7,59 — 7,52 (m, 129,4, 128,8, 128,1, 128,0, 127,9,
3H), 7,39 — 7,29 (m, 6H), 127,0, 126,4, 125,8, 124,9
7,23 7,08 (m, 6H)
151,9, 145,9, 138,8, 136,4, 136,1,
7,97 (d, J = 8,6 Hz, 2H), 134,0, 131,5 (2C), 131,4, 131,2
7,50 — 7,42 (m, 4H), 7,35 — (2C), 130,4 (2C), 129,5, 129,4,
3.3p 181,7
7,28 (m, 6H), 7,21 — 7,17 129,1, 128,9 (2C), 128,7 (2C),
(m, 2H), 7,16 — 7,10 (m, 4H) 128,6 (2C), 128,1 (2C), 128,1,
126,8 (2C), 125,5
7,71 (d, J = 8,9 Hz, 2H),
162,9, 158,6, 146,1, 144,2, 139,5,
7,25 7,18 (m, 5H), 7,19 —
136,4, 135,6, 133,7, 132,1(2C),
7,09 (m, 3H), 6,99 — 6,92
131,7 (2C), 130,9 (2C), 130,8,
3.3q | (M, 2H), 6,84 (d, J=8,7 Hz, | 188,8
129,3(2C), 128,4(2C), 128,0(2C),
2H), 6,71 (d, J = 8,9 Hz,
128,0, 126,9, 113,1(2C),
2H), 6,53 (d, 2H), 3,79 (s,
113,0(2C), 55,4, 55,4, 55,1, 55,0
3H), 3,66 (s, 3H)
151,7, 146,3, 145,2, 140,1, 136,4,
8,12 — 8,06 (m, 2H), 7,70 —
136,0, 131,9 (2C), 131,6, 131,0
7,63 (M, 4H), 7,54 — 7,45
3.3r 182,6 | (2C), 130,5 (2C), 130,4, 130,3

(m, 4H), 7,44 — 7,38 (m,
1H), 7,36 — 7,27 (m, 8H),

(2C), 129,6, 129,0, 128,9 (2C),
128,8 (2C),128,6 (2C), 128,2,
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7,19 - 7,13 (m, 2H), 7,10 —
7,04 (M, 2H)

128,0, 127,4 (2C), 126,9 (2C),
126,8 (2C), 125,3, 122,1

3.3

8,74 (d, J = 2,2 Hz, 1H),
8,45 (dd, J=4,9, 1,8 Hz,
1H), 7,80 (dt, J=7,9, 2,0
Hz, 1H), 7,26 (br s, 5H),
7,17 -7,11 (m, 3H), 7,04
(dd, J=17,9, 4,8 Hz, 1H),
6,99 — 6,91 (m, 5H), 6,90 —
6,86 (m, 2H)

188,4

152,0, 150,2, 147,9, 146,9, 140,1,
136,6, 136,2, 135,0 (2C), 133,8,
133,3, 130,8 (2C), 130,7 (2C),
129,3 (2C), 128,5 (2C), 128,4,
128,1 (2C), 127,7 (2C), 127,5,
127,2, 122,5

3.3t

8,31 (dd, J=3,9, 1,2 Hz,
1H), 7,74 (dd, J =50, 1,2
Hz, 1H), 7,68 — 7,61 (m,
2H), 7,42 — 7,35 (m, 3H),
7,35 7,28 (m, 8H), 7,25
(dd, J=5,0, 3,9 Hz, 1H),
7,23 7,15 (m, 2H)

173,5

151,6, 145,5, 143,0, 137,3, 133,9,
133,9, 131,8, 131,1, 130,4, 130,2,
129,8, 129,1, 129,0, 128,7, 128,0,
1279, 127,8, 127,7, 127,0, 126,0

3.3u

7,82 7,75 (m, 2H), 7,46 —
7,42 (m, 1H), 7,34 — 7,26
(m, 10H), 7,20 — 7,15 (m,
2H), 6,97 (d, J = 1,8 Hz,
1H), 6,03 (dd, J = 3,5, 1,8

Hz, 1H), 5,73 (d, J = 3,4 Hz,

1H)

189,8

147,8, 145,0, 142,2, 138,5, 138,1,
136,9, 135,4, 132,2, 130,5 (2C),
129,2 (2C), 129,0 (2C), 128,5
(2C), 128,3 (2C), 128,2, 128,0
(2C), 127,6, 111,0, 110,9

3.3v

8,28 (dd, J = 3,9, 1,2 Hz,
1H), 7,76 (dd, J = 4,9, 1,2
Hz, 1H), 7,62 — 7,53 (m,
2H), 7,42 (dd, J = 5,0, 2,0
Hz, 3H), 7,39 — 7,19 (m,

173,5

151,5, 143,0, 134,0, 131,1, 130,7,
130,3, 129,5, 129,0, 128,9, 128,6,
128,3, 127,3, 126,8, 126,4, 125,7
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9H), 6,97 (dd, J = 5,1, 3,7
Hz, 1H)

3.3w

7,98 7,93 (M, 2H), 7,56 —

7,46 (m, 3H), 7,39 (t, J = 7,6

Hz, 2H), 7,32 — 7,26 (m,

3H), 7,20 — 7,14 (m, 5H),

7,09 (d, J = 7,9 Hz, 2H),

7,04 (d, J = 8,1 Hz, 2H),
2,35 (s, 3H)

183,4

151,6, 146,2, 137,9, 137,4, 137,3,
132,1, 131,4, 130,3 (2C), 130,2
(2C), 129,9, 129,7 (2C), 129,4
(2C), 128,7, 128,5 (2C), 128,0
(2C), 127,7 (2C), 127,6, 126,8

(2C), 125,4, 21,3

3.3X

7,95 7,93 (m, 2H), 7,50 —
7.43(m, 3H), 7,38 (t, J=7.7
Hz, 2H), 7,30 — 7,27 (m,
3H), 7,18 — 7,13 (m, 7H),
6,84 — 6,79 (m, 2H), 3,80 (s,
3H)

183,2

160,1, 152,0, 1458, 138,0, 137,4,
132,1, 132,0, 131,4, 130,5 (2C),
130,2 (2C), 129,7 (2C), 128,6
(2C), 128,3 (2C), 128,0 (2C),
127,6 (3C), 124,1, 122,5, 114,0
(2C), 55,3

3.3y

8,04 (d, J = 8,6 Hz, 2H),
7,50 (dd, J = 6,8, 3,0 Hz,
2H), 7,35 — 7,25 (m, 6H),
7,19 —7,12 (m, 2H), 7,10 (d,
J=8,7Hz,2H), 6,92 (d,J =
8,9 Hz, 2H), 6,72 (d, J = 8,7
Hz, 2H), 3,87 (s, 3H), 3,75
(s, 3H)

183,2

160,0, 159,0, 152,0, 145,7, 138,1,
137,6, 131,9, 131,6 (2C), 131,5,
130,3 (2C), 129,7 (2C), 128,3
(2C), 128,0 (2C), 127,7 (2C),
127,6, 124,2, 123,8, 122,6, 114,1
(2C), 114,0 (2C), 55,3, 55,2

3.3z

7,95-7,90 (m, 2H), 7,51 -
7,47 (m, 3H), 7,38 (t, J = 7,6
Hz, 2H), 7,32 - 7,28 (m,
3H), 7,19 - 7,11 (m, 7H),
6,98 (t, J = 8,7 Hz, 2H).

183,5

162,9, 150,8, 146,2, 137,8, 137,1,
132,2, 131,7, 131,1, 130,4 (2C),
130,2 (2C), 129,7 (2C), 128,8,
128,7 (2C), 128,6, 128,0 (2C),
127,9, 127,8, 127,7 (2C), 1261,

126,0, 125,1, 115,8, 115,7
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7,96 — 7,90 (m, 2H), 7,51 (it,
J=75,1,4Hz, 1H), 7,45
(dd, J = 8,7, 4,6 Hz, 2H),

150,5, 146,3, 137,7, 137,1, 134.8,
132,3, 131,6, 131,0, 130,4, (2C)
130,2 (2C), 129,7 (2C), 128,9

3.3aa 183,5
7,42 -7,36 (M, 2H), 7,34 — (2C), 128,8 (2C), 128,2, 128,1
7,25 (m, 5H), 7,20 - 7,10 (2C), 128,0 (3C), 127,8, 127,7
(m, 7H) (2C), 125,7
150,5, 146,3, 137,7, 137,0, 132,2,
7,93 — 7,90 (m, 2H), 7,49 (tt, 131,8 (2C), 131,6, 131,0, 130,3
J=7.4,1,4Hz, 1H), 7,43 — (2C), 130,2 (2C), 129,7 (2C),
3.3ab 183,5
7,35 (m, 6H), 7,32 - 7,26 128,8 (2C), 128,7, 128,2 (2C),
(m, 3H), 7,19 — 7,10 (m, 7H) 128,0 (2C), 127,9, 1278, 127,7
(2C), 125,8, 123,1
8,00 (d, J = 8,9 Hz, 2H),
162,9, 159,9, 159,0, 151,4, 146,0,
7,47 (d, J = 8,9 Hz, 2H),
136,9, 132,1 (2C), 131,7,131,6
7,22 —7,13 (m, 5H), 7,06 (d,
(2C), 130,7, 130,2 (2C), 128,2
3.3ac | J=8,7Hz, 2H),6,89 (d,J= | 181,8
(2C), 127,7 (2C), 127,5, 1243,
8,9 Hz, 2H), 6,85 — 6,78 (m,
123,7,122,8, 114,1 (2C), 114,0
4H), 3,86 (s, 3H), 3,80 (d, J
(2C), 113,3 (2C), 55,4, 55,3, 55,2
= 2,7 Hz, 6H)
7,96 — 7,91 (m, 2H), 7,45 — 150,8, 146,0, 138,9, 136,3, 135,9,
7,39 (m, 4H), 7,33 (qd, J = 135,1, 134,1, 131,5 (2C), 131,1,
5,0, 1,8 Hz, 3H), 7,27 (d, J = 131,0 (2C), 130,3 (2C), 129,3,
3.3ad 181,8

7,2 Hz, 2H), 7,20 — 7,17 (m,
2H), 7,12 (dtd, J = 11,9, 6,4,
5,8, 2,7 Hz, 4H)

129,0 (4C), 128,6 (2C), 1283,
128,1 (2C), 128,0 (2C), 1279,
1258
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PHU LUC DU LIEU PHAN TICH NHIEU XA PON TINH THE

Bang S1. Diz lidu tinh thé va cdu trdc chi tiét cia cac dan xuat thiophene 1.4a, 1.4v,
1.4r, 1.4b, 1.3b va 1.6e.

Hop chat 1.4a
2D-scheme
1}\'\ “"‘»‘,. | 2 j‘(:\t*' ",-—/d
] ; V< y Na—% -
Ortep view. 9. < | i
o G ) W | PO A/
.
5-benzoyl-2,4- 5-benzoyl-2-(3-chlorophenyl)-
Tén hé thong | diphenylthiophene-3- 4- phenylthiophene-3-
carbonitrile carbonitrile
Cong thac C24H1sNOS C24 H14CINOS
Khéi luong 365.43 399.87
Nhiét d6 (K) | 293(2) 293(2)
Budc song (A) | 0.71073 0.71073
rlfétrlr:wllrfgz’g Orthorhombic, Triclinic,
i Pbca P-1
gian
Kich thugc 6 | 7.2549(3) 14.6152(5) 7.8592(5) 9.8424(6) 13.5018(8)
mang don vi| | 34.7662(13) 109.699(2) 95.917(2)
A) | 909090 100.938(2)
Thé tich (A% | 3685.2(2) 949.53(10)
Z, khoi lugng
riéng (Mg/md) 8, 1.317 2,1.399
Hesohapthu | g9 0.326
(mm)
F(000) 1520 412
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Kich thudc
tinh thé (mm)

0.26 x 0.10 x 0.04

0.32x0.15x 0.06

0 range for

data collection | 2.787 to 25.350 2.684 t0 26.729

()

Limiting -8<h<8,-17<k<16,-41< |-9<h<9,-12<k<12,-17<1
indices 1<27 <17

Reflections

collected / 18737/ 3373 0.0555 31092 / 3986 0.032

unique [R(int)

Completeness 99.8 99.4

to 0 full (%)

Absorption Gaussian & Semi-empirical Semi-empirical from
correction from equivalents equivalents
Max. and Min. ) 9 and 0.562 0.7456 and 0.6443
transmission
Refinement Full-matrix least-squares on Full-matrix least-squares on F2
method F2
Data /
restraints / 3371/0/244 3986 /0/ 253
parameters
Goodness-of-
fit on F2 1.164 1.110
Final R indices
R1, [I>25(1)] |0.0587,0.1544 0.0514, 0.1016
WR2
R indices R1

' 10.0622, 0.1569 0.0649, 0.1098
(all data) wR2 ’ ’
Largest A peak
and hole (e.A- | 0.802 and -0.277 0.391 and -0.462
)
CCDC deposit | 510014 2163445
number
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Hop chat 1.4r 1.4b
2D-scheme
Ortep view. { :
P Vf | \r‘ N N
Rl a2 » L a1 — )&
.
5-benzoyl-2-(4-chlorophenyl)- | 5-benzoyl-2-phenyl-4-(4-
Tén hé théng | 4-phenylthiophene-3- (trifluoromethyl)phenyl)
carbonitrile thiophene-3-carbonitrile
Céng thac C24H14CINOS C2sH14F3NOS
Khoéi lugng | 399.87 433.43
Nhiét d6 (K) | 293(2) 293(2)
Budc séng
0.71073 0.71073
A
rlfétrl:trfgz’ Triclinic, Triclinic,
. 9 Ipa P-1
gian
7.9211(2) 9.5827(2
Kich thuéc 0 | 9.6404(5) 9.9855(6) 9211(2) 9.5821(2)
. 14.7540(3)
mang don vi| | 11.0770(7) 99.448(2) 102.525(2)
A 70.189(2) 88.960(2) 74.740(2 ' '
(A) () 0.189(2) 88.960(2) 0(2) 100.847(2)
Thé tich (A%) | 964.87(10) 1048.89(4)
Z, khoi luong | 2, 2,
rieng (Mg/m?3) | 1.376 1.372
HEso hap thu | 359 0.197
(mm”)
F(000) 412 444
Kich thudc

tinh thé (mm)

0.39x0.19 x 0.07

0.29x0.17x0.14

5178




0 range for
data

2.683 t0 26.726

2.373 10 27.103

collection (°)

Limiting -12<h<12,-12<k <12, -10<h<10,-12<k <12,
indices -14<1<14 -18<1<18

ffl‘le;ggr)s 16099 / 4079 27479 | 4598

unique [R(int) 0.0378 0.0279

Completeness 99.6 99.9

to 0 full (%)

Absorption Semi-empirical from Semi-empirical from
correction equivalents equivalents Gaussian &
Max. and
min. 0.7457 and 0.6711 1.000 and 0.420
transmission
Refinement Full-matrix least-squares on i
) Full-matrix least-squares on F2
method F
Data /
restraints / 4079/0/ 253 4598 / 177 1 317
parameters
Goodness-of-
fit on F2 1.051 1.065
Eg?clef | 00523 0.0454,
[1>20(1)] WR2 0.0902 0.1284
R indices R1, | 0.0883, 0.0494,
(all data) wR2 | 0.1058 0.1323
Largest A
peak and hole | 0.303 and -0.247 0.386 and -0.467
(e.A?)
CCDC
deposit 2163446 2163447
number
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Hop chat

1.3a

1.3b

2D-scheme
Q& il ﬁ B R
Ortep view. RS ; ﬁ p\\ T
o8 & 2, | KA ]
i ¥ f A
(5-amino-3- 5-amino-3-(4-

Tén hé thong

phenylthiophene-2,4-
diyDbis(phenylmethanone)

(trifluoromethyl)phenyl)thio
phene-2,4-
diyDbis(phenylmethanone)

Cong thac C24H17NO2S CasHis FsNO2S
Khéi luong 383.44 451.45
Nhiét d6 (K) 293(2) 293(2)
Budc song (A) 1.54187 0.71073
Hé tinh thé, nhém | Orthorhombic, Monoclinic,
khéng gian Pca2l P21/c
, . 34.351(3) 11.9372(10) 26.6681(8) 9.3197(2)
?;‘r’lh tlhlu("gc)‘i (T)ang 9.5653(7) 18.2235(5)
v 90 90 90 90 104.917(3) 90
Thé tich (A3) 3922.4(5) 4376.6(2)
Z, khéi lugng riéng | 8, 8,
(Mg/m?) 1.299 1.370
g‘? S0 hap thu (mm- | ) o1 0.196
F(000) 1600 1856
Kich thudc tinh the | »¢ 0,05 x 0.02 0.35 x 0.19 X 0.12

(mm)
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0 range for data

i 2.573 10 45.538 2.313 10 26.0191
collection (°)
-30<h <31, -32<h <32,
Limiting indices -11 <k <10, 9<k<11,
-8<1<8 -22<1<22
foelfl:f;te'gr/'sumque 17849 / 3232 55784 / 8627
[R(in®) 0.055 0.0268
Completeness to 0
full (96) 99.5 99.9
Absorption Semi-empirical from Gausgan &
i . Semi-empirical from
correction equivalents :
equivalents
Max. and min. 1.000 and 0.524 1.000 and 0.763
transmission
Refinement Full-matrix least-squares on | Full-matrix least-squares on
method F2 F2
Data /restraints /| 3,51 /1189 616 8624 / 327 / 649
parameters
(F3200dness-of-f|t on 1.099 1.029
Final R indices R1, | 0.0964 0.0455,
[1>20(1)] WwR2 0.2528 0.1216
R indices R1, 0.1090 0.0527,
(all data) wR2 0.2675 0.1265
Largest & peak and | 4 795 ang -0.101 0.300 and -0.363
hole (e.A?)
CCDC deposit 2166476 2163448
number
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Hop chat

2D-scheme

Ortep view.

Tén hé thong

(5-amino-4-benzoyl-3-(4-
methoxyphenyl)thiophen-2-
yl)(4-methoxyphenyl)methanone

ethyl 2-amino-5-benzoyl-4-
phenylthiophene-3-
carboxylate

Cong thac C26H21NO4S C20H17NO3S
Khéi luong 443.50 351.40
Nhiét d6 (K) 293(2) 293(2)
Budc song (A) | 0.71073 0.71073
Eﬁétr:]iﬁgié Monoclinic, Orthorhombic,

i P21/c Pbca
gian

12.6311(2) 8.3532(10)

, o 9.7581(2 19.2461(14
Kich thuoc 0 54.9225()7) 22.742(?5) )
mang don vi |
A1) % %

95.3721(14) 90

90 90
Thé tich (A3) 6739.79(2) 3656.1(6)
Z, khoi lwong | 12, 8,
rieng (Mg/m3) | 1.311 1.277
HEsohapthu | 47 0.195
(mm™)
F(000) 2784 1472
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Kich thudc tinh
thé (mm)

0.22x0.16 x 0.05

0.26 x 0.05x 0.05

0 range for data
collection (°)

2.120 to 26.022

2.773 10 25.025

Limitin -15<h <15, -9<h <9,

indicesg 10<k<12, 22<k<22,
-67<1<67 27<1<27

Scflflfciggr}s 75512 / 13254 31779 /3215

) ) 0.040 0.055

unique [R(int)

Completeness

t0 6 full (%) 99.9 99.6

i Gaussian & Gaussian &
Absorption . .. i ..
i Semi-empirical from Semi-empirical from

correction . )
equivalents equivalents

Max. and min.. | 4 1) and 0.590 1.000 and 0.735

transmission

Refinement Full-matrix least-squares on Full-matrix least-squares on

method F2 F2

Data / restraints

13247/ 15 / 895 3208 / 398 / 280

/ parameters
Googlness-of—flt 1,025 1.006
onF
;'fa['lzz'”?l'ﬁes 0.0433, 0.0450,

) Li=eo 0.1080 0.1133
WR2
R indices R1, 0.0548, 0.0755
(all data) wR2 | 0.1133 0.1349
Largest Apeak | 19/ 214 0,200 0.123 and -0.165
and hole (e.A®) | ' ' '
CCDC deposit | ) 010 2165911
number
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Hop chat

2D-scheme
'] ’
¢ <
-rﬁ_'.g_ --
4 & <
Ortep view. b4 PO
I?_t?x._ e \ ?
Yoo 4 o
L N -
¢ ¥ P

Tén hé thong

ethyl 5-benzoyl-2-phenyl-4-
(4-(trifluoromethyl)phenyl)thiophene-3-
carboxylate

Cong thuc C27H19F303S

Khoi luong 480.48

Nhiét do (K) 293(2)

Budc song (A) 0.71073

Hé tinh thé, nhdm khong gian ;_rlldmlc’
9.6201(4)
11.1658(4)

Kich thuéc 6 mang don vi | (A) | 11.4664(4)

| (°) 95.279(3)
95.489(3)
106.999(4)

Thé tich (A%) 1163.11(8)

£ . 2,

Z, khoi luong riéng (Mg/m?) 1372

Hé s6 hap thu (mm™) 0.190

F(000) 496

Kich thudc tinh thé (mm) 0.18 x 0.07 x 0.03

0 range for data collection (°) 2.464 10 27.877
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-12<h <12,

Limiting indices -14 <k <14,
-15<1<15
Reflections collected / unique | 34665 / 5554
[R(int) 0.0302
Completeness to 0 full (%) 99.9
Gaussian &
Absorption correction Semi-empirical from
equivalents

Max. and min. transmission

1.000 and 0.716

Refinement method

Full-matrix least-squares on
F2

Data / restraints / parameters 5554 /105 /336
Goodness-of-fit on F2 1.044

Final R indices R1, [1>26(1)] 0.0388,

WR2 0.1006

R indices R1, 0.0478,

(all data) wR2 0.1059

Largest A peak and hole (e.A%) | 0.181 and -0.280
CCDC deposit number 2163449
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Bang S2. Diz liéu tinh thé va cdu trdc chi tiét cia cac dan xudt quinoxaline 2.3aa,

2.3al, va 2.3ek.
Hop chat 2.3aa 2.3al
H H
N__S N.__S
2D-scheme @: ~ O:NIQ
N
CF3
¥
Ortep view. = T/L\ ]‘/J\ /{?//3

A f/z\' /]:\
| &

Tén hé théng

3-phenylquinoxaline-
2(1H)-thione

3-(4 (trifluoromethyl)
phenyl)quinoxaline2
(1H)-thione, DMSO solvate

CisHgF3N2S,

Cong thac C14H10N2S CoHs0S, [+50IV]

Khéi luong 238.30 384.43

Nhiét d6 (K) 293.0(2) 163.0(2)

Budc song (A) 0.71073 0.71073

Hé tinh thé, nhém | Monoclinic, Monoclinic,

khéng gian P21/n P 2/n
4.03720(10) 16.3190(11)
28.9467(8) 4.7884(3)

Kich thudc 6 mang | 9.5876(3) 26.1774(18)

don vi| (A) | (°) 90 90
92.731(3) 105.752(7)
90 90

Thé tich (A3) 1119.17(5) 1968.7(2)

Z,

Khéi luong riéng ( 4 4

' 1.415 1.297

mg/m?3)

HE 50 hap thy 0.264 0.303

(mm-)

F(000) 496 792
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Kich thudc tinh thé

0.14 x 0.06 x 0.04 0.52 x 0.06x 0.04
(mm)
qrangefordaa |, 637 3.555 to 25.344
collection (°)
5<h<5, -19<h< 19,
Limiting indices -38 <k <39, -5<k<5,
-12<1<13 -31<1<31
Scflflfcizgr;sum L | 25600/ 2266 17493 / 3595
_ A€ 1 0.033 0.0602
[R(int)
Completeness to
99.8 99.5
grun (%)
Absorp.tlon Semi-empirical from equivalents & Gaussian
correction
Max. and min. 1.000 and 0.749 1.000 and 0.799
transmission
Refinement HAR IAM SQUEEZE
method Full-matrix least-squares on F2
Data /estraints /| 566/ 0 /244 3590 / 84 / 298
parameters
|C:5200dness-of-f|t on 1134 1.042
Final R indices
R1, 0.0163, 0.0575,
[1>25(1)] 0.0311 0.1633
WR2
R indices R1, 0.0203, 0.0730,
(all data) wR2 | 0.0318 0.1762
Largest & peak and | 151 and -0.116 0.554 and -0.392
hole (e.A?)
CCDC deposit 2277557 2277558
number
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Hop chat 2.3ek
H
N, .S
2D-scheme Me N
Me
CF;
=
~ {" // o
(A‘\/j" ’ \l
Ortep view. ﬂ/
‘1
5,6-dimethyl-3-

Tén hé théng

(4-(trifluoromethyl)phenyl)
quinoxaline-2(1H)-thione,

DMSO solvate
N C17H13F3N28
h /4 ]

Cong thirc 150 (C-HsSO)

Khoi luong 451.54

Nhiét do (K) 293.0(2)

Budc song (A) 0.71073

e I R . Monoclinic,

H¢ tinh thé, nhom khong gian P 2/n
18.171(4)
4.7874(11)

Kich thuéc 6 mang don vi| (A) | (°) 53'783(7)
107.36(2)
90

Thé tich (A3) 2223.8(10)

Z, 41

Khdi lugng riéng ( mg/m?) 1.349

Hé s6 hap thu (mm™) 0.327

F(000) 1584

Kich thudc tinh thé (mm) 0.53 x 0.07x 0.04

g range for data collection (°)

2.961 t0 19.770
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-17<h <17,

Limiting indices -4 <k<4,
-25<1<25
Reflections collected / unique 10385/2019
[R(int) 0.1083
Completeness to grun (%) 99.7

Absorption correction

Semi-empirical from
equivalents & Gaussian

Max. and min. transmission 1.000 and 0.682

Refinement method IAM .
Full-matrix least-squares on F?

Data / restraints / parameters 2018 /408 / 393

Goodness-of-fit on F? 1.053

Final R indices R1, 0.0768,

[1>2s(1)] WR2 0. 2159

R indices R1, 0.1004,

(all data) WR2 0.2412

Largest A peak and hole (e.A) 0.360 and -0.278

CCDC deposit number 2277559
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Bang S3. Diz liéu tinh thé va cdu tric chi tiét cia cac hop chat 2.5 va 2.6.

Hop chat 2.5 2.6
s

2D-scheme “‘J\ﬁ - N I{>

| N

\‘;::J

\,

. -r

Ortep view. 1

{ /:\@‘:{ o\ m’

‘?ﬁf r}%

Tén hé théng

(E)-2-benzylidene-4-
phenyl-1,3-dithiole

benzo[4,5]thieno[2,3-
b]quinoxaline

Codng thuc Ci6H12S2 C14HsN2S
Kh&i Tuong 268.38 236.28
Nhiét do (K) 293.0(2) 293.0(2)
Buéc song (A) 0.71073 0.71073
Hé tinh thé, nhém | Monoclinic, Orthorhombic,
khéng gian P21 P na2l
7.7666(9) 20.5268(14)
o 5.6366(7) 4.0460(3)
Kich thute 0 14.5924(19) 13.1964(9)
mang don vi| (A) |
RS 90 90
90.580(12) 90
90 90
Thé tich (A% 638.78(14) 1096.00(14)
i’h‘i luong riéng ( 2 4
or wengnengt 14 305 1.432
mg/m>)
HE SO hap thu 0.393 0.269
(mm~)
F(000) 280 488
Kich thuge tinh 1 153 010 x 0.02 0.36 x 0.08 X 0.04
the (mm)
qrangefordata |, 31025671 2,514 to 26.369

collection (°)
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-25<h <25, -25<h <25,
Limiting indices -5 <k <4, -5 <k <4,

-16<1<16 -16<1<16
Reflections 8248 / 2398 12974/ 2211
collected / unique ) 0.0555
[R(int) '
Completeness to 08.8 99.7

grun (%)

Semi-empirical from

Absorption Semi-empirical from .

i . equivalents &
correction equivalents )

Gaussian

Max. and min.

. 1.000 and 0.192 1.000 and 0.546
transmission
Refinement refined as a 2- Full-matrix least
method component twin squares on F?
Data /restraints /| o595 861/ 307 2211/1/ 154
parameters
Ezoodness-of-flt on 1.084 1108
;Tal R indices 0.0381. 0.0883.
1>2s()]  WR2 0.0925 0.2373
Rindices R1, |0.0428, 0.1101,
(all data) wR2 | 0.0946 0.2522
Absolute structure 0.24(13) 0.05(5)
parameter
Largest & peak and | § 556 204 0,205 0.199 and -0.187
hole (e.A%)
CCDC deposit | »)79733 2279601
number
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Bang S4. Diz liéu tinh thé va cdu tric chi tiét cia cac dan xudt furan 3.3v va 3.3h.

Hop chat 3.3v 3.3h
MeO
2D-scheme Ph
ph. [ \
o Ph
@)
Ortep view.
Cong thitc C2s Hi6 02 S CaoH2 03 95%
CsoH202S 5%
Khoi lugng 412.50 431.25
Nhiét do (K) 293.0 (2)
Nhiéu xa ké Rigaku® XtaLabPro mm003 Pilatus 200 K
Budéc song (A) 0.71073
.o IO R . Monoclinic, Triclinic,
H¢ tinh the, nhdm khong gian P e P .1
(A) 6.4394(3) 9.8976(8)
8.2993(3) 10.6852(8)
Thong s6 6 mang 37.7518(17) 12.1035(9)
don vi (°) 90 72.345(7)
92.740(4) 67.835(7)
90 73.168(7)
Thé tich (A%) 2015.24(15) 1107.15(17)
Z, 4, 2,
Khéi lwong riéng | (Mg/m®) 1.360 1.294
Hé s6 hap thu (mm-1) 0.283 0.087
F(000) 856 453
Crystal size (mm) 0.44 x 0.09 x 0.09 0.25x0.16 x 0.13
Orange for data o, 3.297 t0 26.733 3.696 t0 26.021
collection
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Limiting indices

7<h<§, 11<h<12,

-10<k <10, -13<k <13,
-47 <1<38 -14<1<14
Reflections collected / unique 26259 / 7462 13150/ 4341
Rint 0.0391 0.0357
Completeness to (%) 99 5 99 4
emax

Absorption correction

Semi-empirical from equivalents & Gaussian

Max. and min. transmission 1.000 and 0.683 1.000 and 0.430
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 7446/ 154 / 615 4335/2/309
Goodness-of-fit on F2 1.064 1.065
Final R indices R1, 0.0411, 0.0470,
[1>26 (1)] WR2 0.1031 0.1301
- R1, 0.0481, 0.0566,
R indices (all data) WR2 0.1062 0.1374
Absolute Structure Parameter 0.03(3) -
Largest diff. peak | 4 0.204 and -0.278 0.257 and -0.176
and hole
CSD deposit number 2266304 2266305
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