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SUMMARY

SYNTHESIS OF SOME NEW THIENO[3,2-b]THIOPHENE CONTAINING
DERIVATIVES VIA C-H ACTIVATION CROSS COUPLING REACTION

Compounds containing thieno[3,2-b]thiophene generally exhibit good fluorescent properties and have
an important role in the labeling of biological products. In our study, 04 derivatives containing
thieno[3,2-b]thiophene  structure were synthesized through cross-coupling reaction that directly
activates the C-H bond using palladium catalyst. The different reaction conditions were investigated
using two catalyst platforms Pd(OAc). and PdCI(CsHs)(dppb). Experimental results show that: ester A
(1.5 equiv), A0 (1.0 equiv), PdCI(CsHs)(dppb), 3 mol%, KOAc (5 equiv) in DMAC solvent (1mL/0.02
mmol ester A), temperature 130°C and reaction time 24h is the best condition for the coupling reaction.
The structures of the obtained derivatives were determined by 1D, 2D NMR and mass spectroscopy
methods.
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1. Mfr})AUr S g Sy
Pa s6 hgp chat hitu co ¢ kha nang phat quang m g m 8
la nhitng chat c6 mach lién hop vong thom s I\ s~ s /\
ddng vong hodc di vong dai. Tinh chat huynh 1 g 3 i
quang nhu buéc séng phat quang, hiéu suat
luong tir va thoi gian luu cia dién tir c6 moi
lien hé truc tiép vai hé théng electron = lién
hop [3,4]. Theo nhiéu két qua nghién ctu, hé
ddng vong thom cho hiéu suit huynh quang
kém hon so v&i hé lién hop c6 di vong [7].
Thienothiophene 12 hé théng di vong thom
ngung tu chira lvu huynh don gian nhit, chtra 2
di vong thiophene vai 4 dong phén tuong tng
la thieno[3,2-b]thiophene (1), thieno[3,4-
b]thiophene (2), thieno[2,3-b]thiophene (3) va
thieno[3,4-c]thiophene (4).

Hé thom chira thienothiophene thé hién tinh
chat phat huynh quang 6n dinh va tét c6 thé
ng dung trong danh dau ché pham sinh hoc
[9]. Nhiéu dan xuit chira thienothiophene dugc
cho rang khong gay ra trc ché hoat dong cua
phan tur sinh hoc [1]. Vi vy, nghién ctu tong
hop dan xuit méi chia nhan thieno[3,2-
b]thiophene dugc nhdém nghién ctu quan tam
va tong hop thong qua phan ung ghép chéo
hoat hoé tryuc tiép lién két C-H nham muc dich
nghién ctu cau tric va phuc vu cho cac nghién
ctru tinh chit quang cua cac din xuit chia
thieno[3,2-b]thiophene trong tuong lai.
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2. THUC NGHIEM

Dung méi va cac hoa chat can thiét cho qua
trinh thuc nghiém duoc cung cap boi Sigma-
Aldrich va Merck. Ph6 *H NMR, *C NMR va
2D NMR dugc do bang may quang phd Bruker
Avance 500 MHz trong dung moéi da duogc
deuterium hod nhu CDCls. Dit liéu d6 chuyén
dich hoa hoc duoc tinh bang don vi ppm. Phd
khéi dugc do trén may do quang phd LC-
MSD-TRAP-SL tai Vién Han 1am Khoa hoc va
Cdng nghé Viét Nam.

Téng hop ethyl 5-(2-butyl-1,3-dioxo-2,3-
dihydro-1H-benzo[de]isoquinolin-6-
ylthieno [3,2-b]thiophene-2-carboxylate
(A1)

Cho ester A (31,8 mg; 0,15 mmol) vao
dimethylacetamide (DMAc; 7,5 mL) da béo
hoa khi Argon. Sau d6 hoa tan dan xuit A0
(33,2 mg; 0,1 mmol), KOAc (49mg; 0,5 mmol)
va PdCI(CsHs)(dppb) (1,8mg, 3 mol%) [dppb
= 1,4-bis(diphenylphosphino)butane]. H3n hop
phan umg duoc khudy déu, dun hdi lvu ¢ 130°C
va dugc duy tri trong méi treong khi argon
trong suét thoi gian phan ung. Tién trinh cua
phan tng duoc theo ddi bang sic ki ban mong
TLC trong dung mdi n-hexane/ethyl acetate
(5:1). Két thuc phan ung, hdn hop duoc dé
nguoi va loc dé loai bo chit rian khong tan.
Tinh ché san pham thd bang phuong phap sic
ki cot silica gel voi hé dung mdi n-
hexane/ethyl acetate (5:1) thu duoc chét ran c6
mau vang tuoi (Al). 'H NMR (500 MHz,
CDCls, & (ppm)): 0,99 (t, J = 7,5 Hz, 3H,
H25); 1,44 (t, J = 7,5Hz, 3H, H9); 1,46 (m, 2H,
H24); 1,74 (m, 2H, H23); 4,21 (t, J = 8,0 Hz,
2H, H22); 4,43 (q, J = 7,0 Hz, 2H, H8); 7,52
(s, 1H, H4); 7,80 (dd, J = 7,5; 8,5 Hz, 1H,
H17); 7,88 (d, J = 7,5 Hz, 1H, H11); 8,05 (s,
1H, H2); 8,63 (m, 2H, H12, H18); 8,67 (dd, J =
1,0; 7,5 Hz, 1H, H10); **C NMR (CDCls, 125
MHz, & (ppm)): 13,8 (C25); 14,4 (C9); 20,4
(C24); 30,2 (C23); 40,4 (C22); 61,6 (C8);
121,3 (C4); 122,8 (C13); 123,2 (C15); 1254
(C4); 127,6 (C17); 128,8 (C14); 129,0 (C11);
129,9 (C19); 130,5 (C12); 131,5 (C16); 131,9
(C18); 135,8 (C1); 138,2 (C10); 139,6 (C26);
144,1 (C5); 1455 (C3); 162,4 (C7); 1638
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(C20); 164,1 (C21); ESI+MS: m/z [M+H]*
464,0 (CsH23NOsSy).

Tong hep 5-(2-butyl-1,3-dioxo-2,3-dihydro-
1H-benzo[de]isoquinolin-6-yl)thieno[3,2-
b]thiophene-2-carboxylic acid (A2)

Hon hop ester A1 (200 mg; 0,43 mmol), dung
dich NaOH (172,5 mg; 4,3 mmol tan trong
1,43 mL H;0) va 10 mL EtOH duoc dun hoi
luu trong 3 gio. Hon hop sau d6 dugc dé
ngudi, trung hoa bang dung dich HCI dic dén
moi trudng acid. Loc lay chit ran va raa nhiéu
1an bang nudc cét thi thu dwoc chét rdn c6 mau
vang cam, hiéu suat 82%. 'H NMR (500 MHz,
CDCls, 5 (ppm)): 0,94 (t, J = 7,0 Hz, 3H); 1,37
(9, J = 7,5 Hz, 2H); 1,64 (t, J = 7,5 Hz, 2H);
4,07 (t, J = 7,5 Hz, 2H); 7,94 (t, J = 7,5 Hz,
2H): 8,00 (d, J = 7,5 Hz, 1H); 8,22 (s, 1H);
8,54 (d, J = 7,5 Hz, 1H); 8,58 (d, J = 7.0 Hz,
1H); 8,69 (d, J = 8,5 Hz, 1H); *C NMR
(CDCls, 125 MHz, § (ppm)): 13,8; 20,4; 30,2;
40,4; 121,3; 122,8; 123,0; 125,4; 127,6; 128,8;
129,0; 129,9; 130,5; 131,5; 131,9; 135,8;
138,2; 139,6; 144,1; 1455; 162,4; 163,8;
166,0; ESI-MS:  m/z  [M-H]" 4340
(CasH1sNO4S).

Tong hep methyl (E)-3-(p-tolyl)-3-(5-(p-
tolyl) thieno[3,2-b]thiophen-2-yl)acrylate
(B1)

Cho dan xuat thienothiophene B (34,5 mg,
0,15 mmol) vao DMAc (7,5 mL) da bdo hoa
khi argon. Sau d6 hoa tan dan xuit BO (25,5
mg; 0,1 mmol), KOAc ( 49mg; 0,5 mmol) va
cudi cing la PdCI(CsHs)(dppb) (1,8mg, 3
mol%). Hon hop phan tmg duogc khudy déu,
dun hdi lru ¢ 130°C va dwoc duy tri trong moi
truong khi argon trong sudt thoi gian phan
tng. Tién trinh cua phan tng duoc theo ddi
bang sic ki ban mong TLC trong dung méi n-
hexane/ethyl acetate (5/1). Két thic phan ng,
hén hop dugce dé ngudi va loc dé loai bo chit
ran khong tan. Tinh ché san pham thd bing
phuong phap sac ki cot silica gel véi hé dung
moi n-hexane/ethyl acetate (5/1) thu dwoc chét
ran c6 mau vang tuoi (B1), hiéu suat 46%. 'H
NMR (500 MHz, CDCls, & (ppm)): 2,33 (s,
3H); 2,38 (s, 3H); 3,68 (s, 3H); 5,44 (s, 1H);
7,07 (s, 1H); 7,15 (d, J = 8.0 Hz, 2H); 7,23 (d,



J =8,0 Hz, 2H); 7,37 (s, 1H); 7,43 (d, J =85
Hz, 2H); 7,60 (d, J = 8,0 Hz, 2H); C NMR
(CDCls, 125 MHz, ¢ (ppm)): 21,3; 51,1; 114,4;
119,6;121,8; 122,8; 125,9; 126,4; 128,9; 129,6;
130,7; 131,7; 134.5; 136,6; 137,0; 137,6;
138,2; 151,1; 152,8; 167,5; ESI+MS: m/z
[M+H]* 405.0 (C24H210-S,); m/z [M-H] 402.8
(C24H190,Sy).

Tong hep (E)-3-(p-tolyl)-3-(5-(p-tolyl)thieno
[3,2-b]thiophen-2-yl)acrylic acid (B2)

B2 duoc tong hop tr B1 (202mg, 0,5 mmol)
theo cach tién hanh diéu ché A2 sir dung dung
dich NaOH (172,5 mg; 4.3 mmol trong 1,43
mL H20) va EtOH (10 mL), hiéu suét 87%. H
NMR (500 MHz, CDCls, & (ppm)): 2,30 (s,
3H); 2,35 (s, 3H); 5,46 (s, 1H); 7,09 (s, 1H);
7,14 (d, J = 8.0 Hz, 2H); 7,23 (d, J = 8,0 Hz,
2H); 7,39 (s, 1H); 7,41 (d, J = 8,5 Hz, 2H);
7,61 (d, J = 8,0 Hz, 2H); *C NMR (CDCl;,
125 MHz, & (ppm)): 21,3; 114,4; 119,6;121,8;
122,8; 125,9; 126,4; 128,9; 129,6; 130,7;
131,7; 134.5; 136,6; 137,0; 137,6; 138,2;
153,1; 153,8; 166,5; ESI-MS: m/z [M-H]" 389
(C23H170.S»).

3. KET QUA VA THAO LUAN

Quy trinh tong hop 5-(2-butyl-1,3-dioxo-2,3-
dihydro-1H-benzo[de]isoquinolin-6-
yl)thieno[3,2-b]thiophene-2-carboxylate (Al)
tir ethyl thieno[3,2-b]thiophene-2-carboxylate
(A) va 6-bromo-2-butyl-1H-
benzo[de]isoquinoline-1,3(2H) -dione (A0)
duoc thiét ké dua trén cac cong b cua tac gia
Ding Thanh Tung va Tran Quang Thinh [2,6].
Phuong phap dugc su dung trong quy trinh nay
1a dya trén sy ghép chéo hoat hoa truc tiép lién
két C-H str dung xtic tac palladium (Pd(OAC),)
dd dugc nhém ap dung gan day [5]. Pau tién,
khi khao sat phan Gng véi xtuc tac Pd(OAc):
v6i cac didu kién phan tng khac nhau, cac sé
liéu thyc nghiém dugc trinh bay trong Bang 1.
Céc quan sat cho thiy, khi sir dung xuc tac
Pd(OAC): thi phan trng khong xay ra. Khi thay
xic tac  Pd(OAc), bang xlc tic
PdCI(C3Hs)(dppb), tién hanh khao sat cac diéu
kién phan tng khac nhau, sb liéu thue nghiém
khéo sat dugc trinh bay trong Bang 2.

Bdng 1. S6 liéu khdo st phan iing véi xiic tic Pd(OAc),

- A A0 P)(;l(JCC);tAi:(;z KOAc | Nhigtdp | Thoigian | Higu sudt
(dlmol) (dlmol) (dlmol) (°C) (h) (%)
(dlmol)
1 2 1 0,01 2 110 24 kpu”
2 2 1 0,01 3 130 30 kpu
3 2 1 0,01 130 40 kpu

Kpu®: khéng phan vmg; dlmol: duwong luong mol

Bdng 2. S6 liéu khdo sat phan ing véi xuc tac PACI(CsHs)(dppb)

STT A A0 Xuc tac KOAC Nhiét do Thoi gian | Hiéu suat

(dlmol) (dlmol) (dlmol) (dlmol) (°C) (h) (%)
1 2 1 0,01 2 120 28 13
2 2 1 0,03 2 140 26 20
3 2 1 0,03 4 130 22 43
4 2 1 0,03 5 130 22 45
5 1,5 1 0,03 5 130 24 56
6 1,5 1 0,03 6 130 26 53
7 1,5 1 0,03 4 130 24 49
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(i) PACI(C5Hs)dppb (3 mol%), DMAc, KOAc, 130°C

(ii) NaOH, H,0, EtOH

B1

So do 1. So do tong hop chung

Khi tién hanh 2 thi nghiém dau tién, quan sat
thdy rang hiéu suat phan tng van con rat thip
(khoang 13 — 20%). Do dé, cac thi nghiém tiép
theo déu tién hanh ting nhiét do, ting lugng
xuc tic KOAc va gitr nguyén xtc tac Pd. Két
qua thir nghiém cho thay hiéu suat da ting 1én
dang ké nhung lugng ester A van con du kha
nhidu. Chinh vi thé nén céc thi nghiém cudi,
luvong ester A da dugc giam xuéng, nhiét do
dugc gitr 6n dinh ¢ 130°C véi luong xuc tac
KOAc 16n. Két qua that bat ngo 1a khi st dung
diéu kién s6 5, cu thé 1a ester A (1,5 dlmol),
A0 (1 dlmol), xuc tac PACI(CsHs)(dppb), 3

mol%, xuc tac KOAc (5 dlmol) trong dung moéi
DMAc (1mL/0,02 mmol ester A), nhiét do
130°C, thoi gian phan mg khoang 24h thi san
phém duoc tao thanh vé6i hiéu suét cao nhat.
Khi cac didu kién phan tng da dugc tdi wu hoa,
cac hop chat Al va B1 da duoc tong hop thanh
cong v6i quy md 30 mg, hiéu suit 46-56%.
Trong d6, Al va Bl la nhiing ester nén dugc
thuy phan bang dung dich NaOH dé tao thanh
hop chat A2 va B2 tuong tng. Két qua 1a 4
hop chit méi da duge tong hop va ciu tric cua
chung duoc trinh bay cu thé ¢ So do 1.
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Hinh 1. Phé *H NMR ciia hop chat Al



Phé H NMR (Hinh 1) cua hop chat Al cho
thy riang céc tin hiéu c6 &= 0,99 — 4,43 ppm
dugc dy doan cho cac proton gin vao carbon
no. Cu thé, tin hiéu & = 0,99 ppm, cudng do
3H, dang van ba duoc quy két cho H25. Tin
hiéu & = 4,43 ppm, dang van bdn véi cuong
d6 2H dé& dang duoc quy két cho H8 va tin higu
6 = 4,21, dang van ba véi cuong do 2H duoc
quy két cho H22. H9 c6 dic trung kha gidng
vG6i H25 ciing dugc du doan sé tao tin hiéu
dang véan ba dugc quy két cho tin hiéu c6 & ¢
truong thiap hon H24, tai 1,44 ppm. Diéu nay
dugc giai thich 1a do H9 chju anh huéng hat
electron cua nhom carboxyl. Tin hiéu § = 1,48
ppm c6 dang van boi dugc quy két cho H24.
Tuy nhién, van phd & § = 1,46 ppm (t, J = 7,0
Hz) & mot véan triplet dugc quy cho proton
H9. Vi H24 bi tach boi 3 proton caa H25 va 2
proton H23 nén xuit hién trén phd 1a van boi
VA & rat gan H9 nén nén co s giao thoa giira 2 tin
hiéu tao ra tin hiéu gop 6 & = 1,46 ppm VaGi
cuong do 5H. Tin hiéu cta H23 chiu anh huong
caa 4 proton xung quanh thé hién & dang van
nam tai 6= 1,74 ppm. Cac du doan ctia H9, H23
va H24 ¢ trén ciing dugc chirng minh chinh xac
thdng qua giai phd HMBC va HSQC.

Quan sét vuing khdng no cua phé *H NMR cho
thiy c6 6 nhom tin hiéu vai tong cudng do 7
nguyén tir hydro. D& dang nhan thay 2 tin hiéu
o 6 =752ppmva & =8,05ppm la 2 tin hiéu
cua 2 proton trong vong thiophene. Tai & =
7,80 ppm xuét hién tin hiéu van double-double
dugc quy két cho H17 do sy tach khong dong
déu cua H16 va H18 & hai vi tri ortho véi J =
7,5; 8,5 Hz.

Phé 3C NMR cho thay hop chit Al c6 25
nguyén tir carbon bao gém 6 carbon no véi &
= 13,8 — 61,6 ppm, 3 nguyén tu carbon cua
nhom C=0 véi 6 = 162,4 — 164,1 ppm va 16
nguyén tu carbon thom v4i 6= 121,3 — 145,5
ppm.

bé quy két dugc chinh xac céc tin hiéu con lai,
A1 duoc nghién ctru phé HMBC va HSQC. Vi
du, dé phan biét 3 nguyén tir carbonyl C7, C20
va C21. C7 dugc quy két & § = 162,4 ppm vi
¢6 tuong tac giao véi H2 & 6 = 8,05 ppm (s,
1H). Trong khi C20 dugc gan véi van ¢ 6 =
163,8 ppm do ¢ tuong tac giao voi H12 va
H22; tin hiéu ¢ truong thap & & = 164,1ppm
dugc gan cho C21 vi cé twong tac giao voi
H22 va H16.

Phd khéi ESI-MS cua hop chat Al cho mot
van co ban & m/z 464,0 da chitng minh viéc
phan tich cau tric caa ching chinh xac va phu
hop véi cong thuc dy kién.
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Két qua phan tich phé cua nhitng hop chét con
lai cting cho thay phu hop véi cong thic du
kién va duoc liét ké & phan thuc nghiém.

4. KET LUAN

Véi diéu kién phan ung téi wu la ester A
(31,8mg; 0,15 mmol), A0 (33,2 mg, 01 mmol),
xuc tac PdCI(CsHs)(dppb), 3 mol% (1,8 mg),
xuc tdc KOAc (49mg, 0,5mmol) trong dung
mdi DMACc (7,5 mL), nhiét do 130°C, thoi gian
phan ung khoang 24h 1a pha hop. Bén dan xuét
c6 chta di vong thieno[3,2-b]thiophene da
dugc tong hop thanh cong, trong 6 Al dugc
tao ra voi hiéu suit kha tot 1a 56% & phan ng
ghép chéo. Cau tric cua cac san pham tong
hop duoc xac dinh bang cac phuong phap phd
hién dai nhu *H NMR, 3C NMR va MS.
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