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Abstract

Highly efficient and convenient procedure for the synthesis of substituted (thieno[3,2-b:4,5-b"]diindoles and
benzothieno[3,2-b]indoles from tetrabromothiophene and 2,3-dibromobenzothiophene in two steps, respectively, were

developed. In the first step, a

site-selective Suzuki-Myaura is carried out, followed by a Pd-catalyzed two-fold C-N

coupling with aromatic and aliphatic amines. The Buchwald-Hartwig in step two was optimized with diferrent Pd
sources, ligands and bases. The yields of products were obtained in the range of 54-96 % for second step.

Keywords. Thieno[3,2-b:4,5-b"]diindoles, benzothieno[3,2-b]indoles, heteroacenes, two-fold C—N coupling.

1. GIOI THIEU

Céc oligoancenes lién hgp dang xép 16p tir lau da
thu hat dugc sy quan tdm nghién ctru khong nhiing
béi su tha vi vé tinh chat vat liéu, kho khin trong
tong hop ma con phat trién cac vat liéu ban dan hiru
co méi tng dung trong nhiéu linh vuc khac nhau
nhu transitor hitu co hiéu ing truong (organic field-
effect transistors OFETs), vat li€u phat quang hiiu
co (organic light-emitting diodes OLEDs) va té bao
quang dién hitu co (organic photovoltaics OPVs).
Trong sb cac oligoacenes phing di dugc cong b,
pentacene va rubrene la hai vi dy hé hydrocarbon
thom da vong dién hinh s& hiru d6 truyén hat tai cao
nhit (7 cm2V-'s! va 20 cm?V-'s™), vuot xa so voi hé
silicon v6 dinh hinh (~ 1 cm?*V-'s™")." Dg truyén hat
tai cao nhu vay cua oligoacenes dugc cho rang do
sap xép tot phan tir trong tinh thé 1am ting tuong tac

n-m gitta cic phan tir gan nhau. Tuy nhién, néu cu
truc phan tor oligoacenes chi 1a dang hydrocarbon
thom lién hop s€ c6 mirc nang lwvgng HOMO cao va
band gaps nhé din dén kém bén véi phan ing quang
oxi hoa. Chinh vi thé, nhu cau tim kiém nhimng vét
liéu ban dan hiru co méi dam bao dod truyén hat tai
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cao va bén thay thé cho oligoacenes di thu hut nhiéu
nghién ctru trén thé gisi.

Viée dua cac di t6 (nhu lwu huynh, nito, oxi...)
vao cdu tric vong thom gidp canh (goi la
heteroacenes) 13 mot trong nhimg huéng tiép cén
chinh nham bién dbi tinh chét vat 1y va héa hoc cua
hé vong acenes. anthradithiophene!® indolo[3,2-
b]carbazole,* va benzo-thieno[3,2-b]
benzothiophene, da dugc tong hop cho kha ning
bén oxi hoa cao hon nhiéu so vi pentacene do mirc
nang luong HOMO thip hon va band gap rong hon.
Nhitng cau tric heteroacenes nay tao tu:orng tac m-m
gilta cdc phan tir va cho do truyén 15 tréng cao
(0,14~2,9 ¢cm?V-!'s). Linh kién transitor hiéu ung
truong (OFETs) ché tao tr vat lidu
diindenopyrazinedione thé hién kha ning truyén
electron cao (0,17 cm?V-'s!). Voi nhitng dac tinh
thl vi nay, heteroacene hira hen 1a mot vat li€u maoi
dap ung yéu cu vat liéu ché tao OFETs, OLEDs,
OPVs.

Viéc thay thé cAu phin benzene bang cac di
vong nhu thiophene, pyrrole cho mét sé tinh chat
tuong tac ndi phan tr va ngoai phéan tir thu vi nhu
trong tac van der Waals, lién két cAu hydro yéu,
tuong tac m-m stacking, twong tac di té-di té, do tinh
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chat phan cuc cta di t6. Do do, khong nhimg tinh
chat vat 1y cua hop chat s& thay d6i ma tuong tac
ngoai phan tir trong thé ran ciing s& thay dbi. Mot s6
nghién ctru da chi ra khi thay thé mot hay nhiéu cdu
phan benzene trong pentacenes bang cic cdu phan
vong thiophene cho thiy sy cai thién do bén dang ké
do lam gidam muc nang lugng HOMO va mé rong
band gap.

Khi thay thé ciu phin benzene bing mét hay
nhidu vong thiophene nhu  Tetraceno[2,3-
b]thiophene 1,1 benzo[1,2-b:4,5-
b ‘Tbis[b]benzothiophene 2 va dan xuit thé butyl cua
2,[7] dibenzo[d,d "Jthieno[3,2-b;4,5-b"ldithiophene
3,181 cho thdy ting rd rét do bén va do truyén hat tai.
Hon nitra, vong thiophene c6 luc ludng cuc yéu
chdng lai sy sdp xép song song Vi cac phan to bén
canh dan dén tuong tic C-H- - -mva S-

CCCCO "Ry

pentacene

Rm

5 (our targets)

Hinh 1: Pentacene va mot sb S,N-Heteroacenes

Khi thay thé két hop ciu phin benzen bang vong
thiophene va pyrrole hira hen khong nhiing tang do
bén cho vat liéu ma con mang dén nhiéu tinh chét
tha vi do c6 thé gin thém cac nhom thé & vi tri nito.

Khi thay thé cAu phdn benzen bing mot hay
nhiéu vong thiophene cho thiy ting 15 rét do bén va
d6 truyén hat tai. Khi thay thé két hop ciu phan
benzene bing vong thiophene va pyrrole hira hen
khong nhing ting do bén cho vat liéu ma con mang
dén nhiéu tinh chat thu vi do c6 thé gin thém cac
nhom thé & vi tri nito. Nhom nghién ciru
Valiyaveettii di téng hop dibenzothieno[b,
d]pyrroles d6i xting 4 c¢6 nhoém thé n—butyl hodc 4-
hexylphenyl ¢ vi tri nito trén vong pyrrol.”) Hai hop
chat cho muc ning luong HOMO tuong ddi thip
(twong Ung la -5,39 va -5,51 eV), band gap rdng
(3,44 eV) thé hién d6 bén cao. Hop chét nay da duoc
khao sat do bén nhiét cho két qua phan huy & 286
°C. Khao sat ciu tric tinh thé cho thdy cac hop chat
nay két hop thanh don vi dimer xép 16p song song
v6i nhau do c6 tuong tac S---S va gitta nhom alkyl.
Nhitng cong bd chimg t6 huéng dwa cac di td vao
vong oligoacenes lam bén hoa vit lidu va ting kha
ning truyén hat tai, chung t6i nhan thiy khi dua
vong thiophene va pyrrole voi cac nhom thé khac
nhau & vi tri nito 1am cai thién do bén vat liéu va cho
nhiéu tinh chét vét 1y tha vi tily thudc vao nhom thé
& vi tri nito. Cho t6i nay, cac phuong phéap tong hop
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hé¢ di vong nay thuong phirc tap va doi hoi nhidu
budc. Trong bai bao ndy, chung téi céng bd con
dudng tong hop hiéu qua, don gian thieno[3,2-b:4,5-
b'ldiindoles  va benzothieno[3,2-b]indoles bing
phan ung ghép cap chon loc vi tri Suzuki—Miyaura,
tiép theo 1a phan tmg ghép cip C-N 2 lan.

2. THUC NGHIEM

Céc hoa chét thi nghiém dwgc mua tir cac hing hoa
chat uy tin nhu sigma Aldrich, abcr, alfa aesar va
duogc st dung truc tiép khong tinh ché lai. Dung moi
st dung duoc ct lai béng bo cAt don ¢6 st dung c6t
vigreux.

Quy trinh tong hop 3,4-dibromo-2,5-di(2-
bromophenyl)thiophene (8)

Br. Br

Br. Br (HO),B Pd(PPhg)4 Br m Br
B j@ .
Br/zzﬁ\Br 2M Nz,COg S
D:oxzne

Ref ui
2,3,4,5-Tetrabromothiophene (1,00 g, 2,5 mmol), (2-
bromophenyl)boronic acid (1,10 g, 5,5 mmol) va
Pd(PPh3)s (5 mol%, 144 mg, 125 pmol) duogc hoa
tan trong dung moéi 1,4-dioxane (40 mL) va 2M
Na,COs (10 mL) trong binh phan rng thuy tinh chiu
ap. Sau d6, hon hop phan tng dugc loai khi oxy
bang ky thuat back-filled va dong kin. Hon hop phan
ung dugc dun ¢ nhiét @6 110 °C trong vong 6 gio.
Khi phan tng két thuc, cit quay chan khong dé loai
b6 dung mdi, chiét bang etylaxetat va nudc, 16p hiru
co duoc lam khan vai MgSOs, loc, cAt quay loai bd
dung moi thu dugc can mau vang. Phan tach trén cot
silica gel phan cin nay thu dugc san pham 8 dang
rdn mau tring (1,26 g, 91 %); mp 132 °C; '"H NMR
(250 MHz, CDCls) 6 = 7,68-7,59 (m, 2H, ArH), 7,41
-7,16 (m, 6H, ArH); *C NMR (63 MHz, CDCl;) 6 =
137,6; 133,6; 133,1; 132,6; 130,8; 127,3; 124.8;
114,2. GC/MS: m/z (%) = 552 (100), 392 (67), 232
(68), 187 (37), 116 (35).

T 3-bromo-2-(2-
O \ bromophenyl)benzo[b]thiophene

{ ) (12). 2,3-Dibromobenzo[b]thiophene
(500 mg, 1,7 mmol), 2-bromophenyl
boronic acid (412,6 mg, 2,0 mmol) va (5 mol%)
Pd(PPh3)s (99 mg, 85 pmol) dugc hoa trong 1,4-
dioxane (30 mL) trong diéu kién khi tro argon. Sau
do, dung dich 2M Na,COs (7 mL) da dugc loai khi
oxy dugc dua vao bang syringe. Ong phan tng duoc
nap kin va dun ¢ nhiét d¢ 110 °C trong 6 gio. sau khi
phan tng két thuc, dé ngud va cit quay loai dung
moi, chiét voi ethylacetate va nudc, lam khan, cat
loai dung moi va phén tach trén cét silica gel voi hé
dung moi rira giai 13 hexan thu dwoc san phim 12

S
Br
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dang rdn mau tring (592 mg, 94 %); mp 76-78 °C;
"H NMR (300 MHz, CDCl3) & = 7,83-7,73 (m, 2H,
ArH); 7,65 (dd, J= 17,9, 0,8 Hz, 1H, ArH); 7,46-7,21
(m, 5H, ArH). *C NMR (75 MHz, CDCls) § =
138,4; 137,9; 137,3; 134,1; 133,0; 132,5; 130,6;
127,2; 125,7; 125,2; 124,6; 123,6; 122,3; 108,5.
GC/MS: m/z (%) = 368 (87), 208 (100), 163 (25),
104 (23).

Quy trinh chung téng hop 5,6-diphenyl-5,6-
dihydrothieno(3,2-b:4,5-b']diindoles 10a-d

iﬁ' fg. + e

Natri tert-butoxide (105 mg, 1,1 mmol) va 8 (100
mg, 0,18 mmol) va aniline (37,1 mg, 0,4 mmol)
dugc cho vao 6ng phan tmg thay tinh chiu ap, tiép
theo dung méi toluen khan (5 mL) duoc cho vao éng
phan tng. Back-filled vai 1an vé6i khi tro argon.
Pdy(dba); (16,7 mg, 0,02 mmol) va ligand
PtBus-HBF, (5,3 mg, 0,2 mmol) dugc dua vao trong
mdi truong khi argon. Phan tmg duoc khudy va dun
& nhiét do 120 °C trong 14 gio. Sau khi dé ngudi,
hdn hgp phan tmg duoc hoa lodng trong etylaxetat
va loc qua celite, va rira vai 1an bang etylaxetat. Dich
loc duge cét quay dé loai bo dung moi. San ph?lrn
thu dugc sau khi phan tach trén cdt silica gel voi hé
dung méi rra giai la dichloromethan/hexan = 1:10
cho san phim 10a (75 mg, 83 %) dang rin mau
trdng; mp 266 °C; '"H NMR (300 MHz, CDCl;) § =
7,76-7,67 (m, 2H, ArH); 7,22-7,03 (m, 10H, ArH);
6,99-6,92 (m, 6H, ArH). *C NMR (75 MHz, CDCls)
o =142,3; 138,9; 130,2; 129,0; 127,2; 126,5; 123,3;
123,0; 121,6; 120,7; 118,2; 111,3. GC/MS: m/z (%)
=414 (100), 308 (5), 207 (11).

NH2  pd,dbay / PtBugHBF,
—_—
NaO'Bu
Toluene
110%C

5,6-Bis(4-(tert-butyl)phenyl)-5, 6-
dihydrothieno([3,2-b:4,5-
b'Idiindole 10b dugc tong hop
theo quy trinh chung A st dung
chét 8 (100 mg, 0,18 mmol) va 4-
(tert-butyl)aniline (59,5 mg, 04
mmol). San phérn duoc phan tach trén sdc cot nhanh
slica gel (dichloromethane/hexane = 1:10) cho 10b
(95 mg, 94 %) 1a chét rin mau tring; mp 287 °C; 'H
NMR (250 MHz, CDCl) & = 7,73-7,67 (m, 2H,
ArH); 7,22-7,05 (m, 6H, ArH); 7,05-6,98 (m, 4H,
ArH); 6,95-6,89 (m, 4H, ArH), 1,21 (s, 18H,
6CH;)."3C NMR (63 MHz, CDCl3) § = 149,2; 144,0;
136,9; 131,4; 125,7; 125,6; 124,1; 122,9; 1222;
120,9; 118,3; 111,8; 77,4; 77,0; 76,6; 34,4; 31,3.
GC/MS: m/z (%) = 526 (100), 494 (13), 454 (15).
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5,6-diallyl-5,6-dihydrothieno[3,2-
b:4,5-b'|diindole 10c dugc tong
hop theo quy trinh chung A sir
dung chat 8 (100 mg, 0,18 mmol)
va allylamine (22,7 mg, 0,4 mmol), San phim duoc
phan tach trén sic cO6t nhanh slica gel
(diclorometan/hexan = 1:10) cho 10c¢ (62 mg, 72 %)
1a chit rin mau tring; mp 243 °C; 'H NMR (300
MHz, chloroform-d) & 7,75-7,65 (m, 2H); 7,34-7,03
(m, 4H); 6,09 (ddt, J= 17,6, 10,5, 3,8 Hz, 2H); 5,28-
5,13 (m, 2H); 5,07-4,91 (m, 4H); 1,31-1,07 (m, 4H).
BC NMR (75 MHz, Chloroform-d) & 141,38;
133,26; 123,09; 122,65; 119,93; 118,34; 116,78;
110,19; 48,08; 29,71. GC/MS: m/z (%) = 342 (100),
343 (25), 344 (4).

5,6-di(naphthalen-2-yl)-5,6-
dihydrothieno([3,2-b:4,5-
b'Idiindole 10d dugc téng hop
theo quy trinh chung A st dung
chét 8 (100 mg, 0,18 mmol) va 2-
naphthylamine (57,1 mg, 04
mmol), San phém dugc phan tach trén sdc cot nhanh
slica gel (diclorometan/hexan = 1:10) cho 10d (52
mg, 56 %) la chat rin mau tring; mp 295 °C; 'H
NMR (300 MHz, chloroform-d) ¢ 7,81-7,74 (m,
2H); 7,64 (dt, J = 7,9, 0,9 Hz, 2H); 7,42-7,30 (m,
4H); 7,28-6,90 (m, 4H); 6,76-6,63 (m, 2H); 6,61-
6,49 (m, 4H); 6,34 (dd, J = 8,3, 7,2 Hz, 2H). 13C
NMR (75 MHz, Chloroform-d) & 128,55; 128,12;
127,64; 126,70; 126,60, 126,15; 126,08; 125,92;
125,24; 124,85; 124,34; 123,18; 122,76; 122,52;
120,47; 118,15; 111,75; 111,56. GC/MS: m/z (%) =
514 (100), 516 (7).

Quy trinh chung B téng hop 5,6-dialkyl-5,6-
dihydrothieno[3,2-b:4,5-b'|diindoles.

HaoN

Br Br
N

+ N/s\

Natri fert-butoxide (105 mg, 1,1
mmol) va 8 (100 mg, 0,18 mmol)
va n-octyl (51,5 mg, 0,4 mmol)
dugc cho vao éng phan tng thuy
tinh chiu 4p, tiép theo dung méi
toluene khan (5 mL) dugc cho
vao ong phan tng, Back-filled vai
lan v6i khi tro argon, Pdy(dba)s
(16,7 mg, 0,02 mmol) va ligand
BINAP (5,7 mg, 9 pmol) dugc
dua vao trong moi truong khi
argon, Phan tng dwoc khudy va

BrBr
I\

[ s

Pd,dbag / BINAP

4>
NaO'Bu
Toluene
120%C
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dun & nhiét d6 110 °C trong 14 gio. Sau khi dé
nguodi, hdon hop phan tng duoc hoa lodng trong
ethylacetate va loc qua celite, va rira vai lan bang
ethylacetate. Dich loc dugc cit quay dé loai bo dung
mdi. San phim thu duoc sau khi phan tach trén cot
silica gel vo6i hé dung moéi ria gidi la
dichloromethan/hexan = 1:10 cho san phdm 10e (55
mg, 62 %) dang ran mau tring; mp 266 °C; 'H NMR
(300 MHz, chloroform-d) 6 7,66 (dt, J= 17,7, 0,9 Hz,
2H); 7,36 (dt, J = 8,4, 0,9 Hz, 2H); 7,28-6,99 (m,
4H); 4,47-4,31 (m, 4H); 1,82 (q, J = 7,7 Hz, 4H);
1,40-1,02 (m, 20H); 0,86-0,67 (m, 6H). 3*C NMR
(63 MHz, chloroform-d) & 141,11; 130,14; 123,07,
122,33; 119,94; 119,59; 118,31; 110,16; 46,51;
31,74; 30,73; 29,37; 29,16; 27,08; 22,58; 14,05.
GC/MS: m/z (%) = 486 (100).

5,6-didodecyl-5,6-
dihydrothieno[3,2-b:4,5-
b'Idiindole 10f duoc téng hop theo
quy trinh B, v&i hop chét 8 (100
mg, 0,18 mmol) va n-octan-1-
amine (51,5 mg, 0,4 mmol), San
pham thu duoc sau khi phan tach
No N trén sic ky cot nhanh silica gel
O /s\ O (dichloromethane/hexanes = 1:10)
cho 10f (48 mg, 54 %) dang rin
mau trang; mp 127-129 °C; 'H NMR (300 MHz,
Chloroform-d) & 7,63 (dd, J = 11,2, 7,5 Hz, 2H);
7,33 (d, J = 8,3 Hz, 2H); 7,27-7,00 (m, 4H); 4,47-
4,28 (m, 4H); 1,81 (t,J = 7,6 Hz, 4H); 1,46-0,94 (m,
36H); 0,93-0,68 (m, 6H). *C NMR (63 MHz,
chloroform-d) 6 141,11; 128,93; 125,67; 123,07;
122,32; 119,59; 118,31, 110,15; 46,51; 31,92; 30,72;
29,66; 29,60; 29,54; 29,49; 29,40; 29,36; 27,07,
22,69; 14,11. GC/MS: m/z (%) = 598 (100).
5,6-dihexadecyl-5,6-dihydrothienof3,2-b:4,5-
b'[diindole 10g dugc tong hop theo quy trinh B, véi
hop chit 8 (100 mg, 0,18 mmol) va n-hexadecan-1-
amine (73,9 mg, 0,4 mmol). San phérn thu duoc sau
khi phan tach trén sic ky cot nhanh silica gel
(dichloromethane/hexanes = 1:10) cho 10g (62 mg,
48 %) dang ran mau tréng; mp 92-95 °C; 'H NMR
(300 MHz, chloroform-d) & 7,64 (d, J= 7,9 Hz, 2H),
7,33 (d, J = 8,3 Hz, 2H); 7,26-7,04 (m, 4H); 4,43-
4,27 (m, 4H); 1,81 (p, J= 7,4 Hz, 4H); 1,37-0,92 (m,
52H); 0,85-0,73 (m, 6H). *C NMR (63 MHz,
Chloroform-d) 6 141,11; 130,14; 128,93; 125,67
122,32; 119,59; 118,31, 110,15; 46,51, 31,92; 30,72;
29,82-29,52 (m); 29,60; 29,54; 29,49; 29,40; 29,36;
27,07; 22,69; 14,11. GC/MS: m/z (%) = 710 (100).
5,6-dioctadecyl-5,6-dihydrothieno(3,2-b:4,5-
b'|diindole 10h dugc tong hop theo quy trinh B, vai
hop chit 8 (100 mg, 0,18 mmol) va n-octadecan-1-
amine (107 mg, 0,4 mmol). San pham thu dugc sau
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khi phan tach trén sic ky cot nhanh silica gel
(dichloromethane/hexanes = 1:10) cho 10h (62 mg,
45 %) dang ran mau tréng; mp 90-91 °C; 'H NMR
(250 MHz, chloroform-d) ¢ 7,70-7,57 (m, 2H); 7,41-
7,28 (m, 2H); 7,27-7,04 (m, 4H); 4,52-4,31 (m, 2H);
1,82 (h, J= 6,9 Hz, 2H); 1,17 (d, J = 4,2 Hz, 60H);
0,93-0,66 (m, 6H). 1*C NMR (63 MHz, Chloroform-
d) 6 141,11, 128,93; 125,67, 123,07; 122,33; 119,59;
118,31; 110,15; 46,52; 45,19; 31,93; 30,72; 30,14-
28,76 (m); 27,17; 27,08; 22,69; 14,12. GC/MS: m/z

(%) =766 (100).
N N
8 (100 mg, 0,18 mmol) va 3-
phenylpropan-1-amine (53,9
mg, 0,4 mmol), San pham thu duogc sau khi phan
tach trén sic ky cot nhanh silica gel
(dichloromethane/hexanes = 1:10) cho 10i (70 mg,
77 %) dang ran mau tring; mp 138-140 °C; "H NMR
(300 MHz, chloroform-d) ¢ 7,70-7,56 (m, 3H); 7,40-
7,31 (m, 2H); 7,28-7,05 (m, 4H); 4,24 (t, /= 7,1 Hz,
2H); 2,67-2,55 (m, 2H); 2,20 (dq, J = 8,9, 6,7 Hz,
2H). BC NMR (75 MHz, Chloroform-d) § 140,86;
128,96; 128,51; 128,42; 127,55; 126,18; 125,66;
122,43; 119,23; 118,94; 109,81; 106,45; 44,45;
33,08; 30,87. GC/MS: m/z (%) = 498 (100).

5,6-bis(3-phenylpropyl)-5,6-
dihydrothieno([3,2-b:4,5-
b'Jdiindole 10i dugc tong hop
theo quy trinh B, vdi hop chat

10-(2,4-dimethoxybenzyl)-10H-
benzo[4,5]thieno[3,2-bJindole 13a
@; dugc téng hop theo quy trinh B, voi
hop chat 12 (100 mg, 0,27 mmol) va
(2,4-dimethoxyphenyl)methanamine
s O (54,5 mg, 0,33 mmol), Sdn pham thu
dugc sau khi phén tach trén sic ky cot nhanh silica
gel (dichlorometan/hexan = 1:5) cho 13a (83 mg, 82
%) dang ran mau tréng; mp 158-160 °C; 'H NMR
(300 MHz, chloroform-d) & 7,69 (ddd, J = 7,7, 1,4,
0,7 Hz, 1H); 7,61-7,54 (m, 2H); 7,34-7,28 (m, 3H);
7,26-7,10 (m, 2H); 6,74-6,62 (m, 3H); 5,35 (s, 2H),
3,76 (s, 3H); 3,69 (s, 3H). C NMR (63 MHz,
Chloroform-d) 6 149,33; 148,58; 145,75; 145,64;
141,24; 135,37; 129,60; 128,92; 127,55; 125,64;
122,65; 122,13; 119,54; 118,98; 118,92; 111,34
110,08; 109,94; 106,62; 55,90; 48,54. GC/MS: m/z

(%) =373 (100).

10-(3,4-dimethoxybenzyl)-10H-

benzo[4,5]thieno[3,2-bJindole 13b
dugc tong hop theo quy trinh B, véi
hop chét 12 (100 mg, 0,27 mmol) va
(3,4-dimethoxyphenyl)methanamine
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(54,5 mg, 0,33 mmol), San pham thu dugc sau khi
phan tich trén sic ky cOt nhanh silica gel
(diclorometan/hexan = 1:5) cho 13b (97 mg, 96 %)
dang rin mau tring; mp 155-156 °C; '"H NMR (300
MHz, chloroform-d) & 7,86-7,71 (m, 3H); 7,39 (dt, J
=8.,3, 0,9 Hz, 1H); 7,31-7,14 (m, 4H); 6,72-6,55 (m,
2H); 5,68 (t, J = 0,8 Hz, 2H); 3,73 (s, 3H); 3,65 (s,
3H). ¥C NMR (75 MHz, chloroform-d) & 149,43;
143,23; 141,95; 129,87; 126,90, 124,54; 124,29;
123,91; 123,23; 121,91; 120,03; 119,88; 119,49;
118,27, 111,50; 110,16; 109,30; 55,89; 48,21.
GC/MS: m/z (%) =373 (100).
10-cyclohexyl-10H-
Q benzo[4,5]thieno[3,2-bJindole  13c
\N O duogc t(;),ng hop theo quy trinh B, véi
s hop chat 12 (100 mg, 0,27 mmol) va
cyclohexanamine (32,3 mg, 0,33 mmol), San phélm
thu dugc sau khi phan tach trén sic ky cot nhanh
silica gel (dichloromethane/hexanes = 1:10) cho 13¢
(76 mg, 92 %) dang ran mau tring; mp 123-125 °C;
"H NMR (300 MHz, chloroform-d) & 8,04 (d, J = 8,4
Hz, 1H); 7,87-7,76 (m, 1H); 7,67 (dt, J = 7,8, 1,0
Hz, 1H); 7,58 (d, J = 8,4 Hz, 1H); 7,42-7,04 (m,
4H); 2,34 (qd, J = 12,9, 3,9 Hz, 2H); 2,12-1,66 (m,
5H); 1,61-1,06 (m, 4H). *C NMR (75 MHz,
Chloroform-d) 6 143,35; 127,27; 124,82; 124,12;
123,59; 122,58; 119,58; 119,25; 31,79; 26,54; 25,54.
GC/MS: m/z (%) = 305 (100).

)

3. KET QUA VA THAO LUAN

Phén Gng ghép cap chon loc Suzuki-Miyaura dugc
tién hanh véi chat nén tetrabromothiophene 6 véi o-
bromophenylboronic acid 7 duoc thir trong nhiéu
diéu kién thuong sir dung cho phan tmg Suzuki—
Miyaura. Cac xuc tac khac nhau da dugc thir nghiém
nhu Pd[PPh3]4, Pdc12[PPh3]2, PdClz[ACCN]z, cac
bazo khac nhau nhu K,COs, Na,COs, K;PO4, KOH,
Cs2COs va cac dung moi khac nhau Tol/H,O, 1,4-
Dioxan/H,O, THF/H,O, DMF/H,0. Két qua cho
thiy phan tng chay tt trong diéu kién Pd[PPhs]s (5
mol%), Na,CO;, dioxan/H,O cho chit trung gian 8
v6i hiéu suat dén 91 %. Sau d6, thyc hién phan tng
Buchwald-Hartwig v6i cac amine khac nhau cho san
pham diindolo[3,2-:4,5-b "Jthiophenes mong mudn
10 (so d 1).

Dé ti uu hoa didu kién cho phan tmg dong vong
ghép cap C-N, chung t6i chon phan Ung 8 voi 4-
(tert-butyl)aniline. Céc ligand 2 cang dugc sir dung
trong phan Gmg nhu DPPE, DPPF cho san phim 10

14
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v6i hiéu suit cao tuong tng 13 75 va 87 % (muc 10
va 11 trong bang 1). Mot sé phosphine ligands 1
cang cdng kénh nhu SPhos and P(/Bu)s thé hién 1a
ligand thich hop cho phan ung (muc 1-6, bang 1).
San phdm mong mudn thu duoc véi hiéu suét 1én
dén 96 % khi sir dung két hop xuc tac Pdy(dba); véi
ligand P(/Bu)s. Ngudn xuc tic dong vai trdo quan
trong trong phan tng nay, khi thay xtic tac bang
Pd(OAc), hiéu suat giam xudng con 50 %.

Br Br Br BrBr Brer
B(OH
g G OO
Br S Br
6 8(91%
RNH»
R R 9
| |
N N ii
MO
S
10

So do 1: Téng hop 5,6-disubstituted diindolo[3,2-
b:4,5-b’Jthiophenes 10. Diéu kién: i, 7 (2,2 duong
lugng), xtc tac PA[PPhs]4 (5§ mol%), Na,COs (2 M,
10 mL), dioxane 110 °C, 6h. ii, 9 (3 duong luong),
NaOrBu (6 duong lugng), xtc tac Pd,(dba)s (5
mol%), ligand (Phuong phap A: P(sBu);-HBF4 (10
mol%), Phuong phap B: BINAP (5 mol%)

V6i két qua t6i wu hoa, chiing toi da ap dung didu
kién nay vao dé téng hop cac hop chét thieno[3,2-
b:4,5-b"]diindoles c6 nhom thé khac nhau & vi tri 5,
6. Két qua cho thiy san phim véi amine thom dat
hiéu sudt cao (56-94 %), tinh ché d& dang. Khi ap
dung diéu kién nay dbi v6i cac amine no, ching tbi
thu duoc san pham higu suat thap, hdn hop sau phan
ung phuc tap, kho tinh ché. Sau khi thir nghlem voi
mdt s6 ligand khac nhau chung t6i nhn thay BINAP
la hgand phul hgp nhat cho phan tng nay Ap dung
diéu kién nay chung t6i thu duoc san pham véi hidu
suét trong ddi tot. Poi véi cac amine mach cang dai,

hiéu suét cang giam.
O\\
-0
N
o0
HO S OH

Hinh 3: Hoat chat tiém ning gin ERa
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Bdng 1: T6i wu héa cho phan g

Buchwald-Hartwig

, Hi¢u
];?Iu Xuc tac Ligand Bazo suét*
' (%)
1  Pd(OAc), P(:Bu);-HBFs NaOrBu 50
2 Pdx(dba); P(sBu);-HBFs NaOrBu 96
3 Pdy(dba); P(:Bu);-HBFs KO7Bu 65
4 Pdy(dba); P(Cy);'HBFs NaOrBu 53
5  Pdy(dba); SPhos NaOBu 87
6  Pdx(dba); XPhos NaOsBu 65
7  Pdy(dba); DavePhos NaOBu 72
8  Pdx(dba); BINAP NaOBu 14
9  Pdy(dba); XantPhos NaOrBu 54
10 Pdx(dba); DpePhos NaOBu 82
11 Pdx(dba); Dppe NaO7Bu 87
12 Pdy(dba); Dppf NaO/Bu 75

"Hiéu suat t0i wu hoa duwoc tinh bang pho 'H-NMR ciia
hon hop phan wing svr dung dioxane lam chat noi chuan.
Bdng 2: Tong hop cac dan xuét
thieno[3,2-b:4,5-b’]diindoles 10a-i

2 Thoi Hiéu
biéu . 4

10 R Kin gian suat*
‘ ) (%)
a  Allyl A 14 72
b  2-Naphthyl A 14 56
C n-CsHyz B 14 62
d n-C 12H24 B 14 54
(3 n-C 16H33 B 14 48
f n-C 18H37 B 14 45
g Ph CH,CH,CH; B 14 77

*Hiéu sudt thu duoc tur tach cot sdc ky.

Nim 2005, Wang va cong su dd cong bd
benzothieno[3,2-bJindole c¢6 hoat tinh cao gin vao
Estrogen receptor alpha (ERa) v6i IC50 = 2,84 nmol
va lam gia tang mét d¢ khoang xuong & chudt da
phau thudt cat bo budng trimg (hinh 3).1% Chinh vi
thé chung t6i ing dung phuong phap téng hop moi
nay dé tong hop hé vong benzothieno[3,2-b]indole
tr 2,3-dibromobenzothiophene 11 (thu dugc tir brom
hoa benzothiophene). San phim 13 thu duoc véi
hiéu suét cao khi str dung phuwong phap B.

Bdng 3: Tong hop cac dan xuét
benzothieno[3,2-b]indole 13a-c

Dia, Thoi  Hiu

13 R Kie gian  suat

N () B VO X
a 2,4-(MCO)2 C6H3CH2 B 8 82
b 3,4-(MCO)2 C6H3CH2 B 8 96
c c-Hex B 14 92

“Hiéu suat thu dwoc tir tach cot sac ky.
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Br Br 7 O
S Br / O
1

12 (94%)

R A‘b 9
| n
N
S
13
So do 3: Con dudng tong hop bd benzothieno[3,2-
blindole Piéu kién: i, 7 (1.2 duong lugng), xuc tac
Pd[PPhs]4 (5 mol%), Na,COs (2 M, 10 mL), dioxane
110 °C, 6h. i, 9 (3 duong lugng),, NaOsBu (6 duong

luong), xtc tac Pdx(dba)s (5 mol%), ligand (Phuong
phéap B: BINAP (5 mol%))

4. KET LUAN

St dung xtic tic paladi, ching toi da tong hop hé
vong di t6 lién hop thieno[3,2-b:4,5-b"|diindoles va
benzothieno[3,2-b]indoles qua hai budc phan Ung.
Phan tmg cho hi¢u suat cao, d& tinh ché. Cau trac hé
vong nay rat tha vi, c6 tiém Umg dung trong vat liéu
quang dién tir ciing nhu tim kiém hoat chit sinh hoc.

Loi cam on. Nghién cuu nay dwoc tai tro boi Quy
Phat triéen Khoa hoc va Cong nghé Quéc gia
(NAFOSTED) trong dé tai ma so 104.01-2015.81.
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