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Abstract: In this study, we developed a simple and efficient synthetic procedure to obtain novel
imidazothiazole-indole fused hybrid compounds through sequential C-N coupling reactions using
copper catalysts. The key reaction was performed between  5-bromo-6-(2-
bromophenyl)imidazo[2,1-b]thiazole derivatives and various amines, allowing for a significant
expansion of the structural scope of the products compared to the use of nitrile derivatives.
Optimal reaction conditions were identified, employing the Cul/ethyl 2-oxocyclohexane-1-
carboxylate catalyst system, providing high overall yields (76-85%). Using this method, we
successfully synthesized four new compounds (7c-f). The structures of all compounds were
confirmed by 1H-NMR and 13C-NMR spectroscopy. This work presents a valuable contribution to
the field of heterocyclic chemistry, offering a practical and versatile approach for the synthesis of
diverse imidazothiazole-indole hybrids with potential applications in medicinal chemistry and
materials science.
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Tong hop céc cau trac lai giap canh SH-
thiazolo[2’,3":2,3 Jimidazo[4,5-b]indole su dung phan ung
ghép cap C-N lién tiép véi xuc tac dong
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Tém tit: Trong nghién ctru nay, chung toi da phat trién mot quy trinh tong hop don gian va hiéu
qua dé thu duoc cac hop chét lai giap canh imidazothiazole-indole méi thong qua phan ing ghép
cap C-N lién tiép st dung xuc tic dong. Phan ung chia khoéa dugc thyc hién gitra dan xuét
5-bromo-6-(2-bromophenyl)imidazo[2,1-b]thiazole v6i cac amine khac nhau, cho phép mé rong
dang ke pham vi cdu tric ciia san phim so v6i viée sir dung cac dan xudt nitrile. Diéu kién phan
g tdi wu da duoc xac dinh, s dung hé xuc tac Cul/ethyl 2-oxocyclohexane-1-carboxylate, cho
hiéu suit tong hop cao (76-85%). Str dung phuong phap nay, chung téi di tong hop duoc 4 hop
chat méi 7c-7f. Cau triic ctia cic hop chit di dugc khang dinh bang phd cong huéng tir hat nhin
1H-NMR va 13C-NMR. Nghién ctru dong gép c6 gia tri cho linh vuc hda hoc di vong, dua ra mot
céch tiép can don gian va linh hoat dé tong hop cac hop chit lai imidazothiazole-indole da dang
véi cac ung dung tiém nang trong hoa dugc va khoa hoc vit ligu.

Tir khéa: Hop chit lai giap canh imidazothiazole-indole, phan tng ghép cip C-N lién tiép,

xuc tac Cu, da dang cAu trac, hoa hoc cac hop chét di vong.

1. Mé diu

Céc hop chét di vong chira ni-to déng vai
trd quan trong trong héa dugc [1-3]. Trong s6
do, khung imidazo[2,1-b]thiazole [4] va indole
[5] thu hut sy cha y ddc biét ciia cac nha nghién
ctru do hoat tinh sinh hoc da dang va tiém ning
ung dung to 16n cua ching.

Ciu truc imidazo[2,1-b]thiazole bao gdm
mot vong thiazole va mdt vong imidazole lién
két qua mot nguyén tir ni-to cau ndi. Cac dan
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xuit imidazo[2,1-b]thiazole thé hién nhiéu hoat
tinh sinh hoc da dang va tiém ning nhu khang
khuan[6] khang lao [7], chong ung thu [4, 8-11],
chong oxy hoéa [8]. Trong s niy, bén hop chat
tiém ning da dwoc thir nghiém 1am sang nhu
chc tac nhan didu trj tiéu duong (hop chit
PF-5190457) [12], chit kich hoat enzyme
SIRT1 (SRT-1720 [13], SRT2104 [14]) va chat
diéu tri ung thu (Quizartinib) [15]. Quizartinb
con dugc chip thuan la phuong phap diédu tri
chuan cho bénh bach cau tai Nhat Ban [16]. Cac
din xuét imidazo[2,1-b]thiazole carboxamide
(ITC-1) ciing c6 hoat tinh khang lao dang ké
[7]. Dan xuat aza spiro carboxamide ICT-2 ctia
imidazo[2,1-b]thiazole thé hién hoat tinh khang
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lao manh . Samala va cong su da cong b hoat
tinh khang lao ciia mot sd dan xuat
imidazo[2,1-b]thiazole (ICT-3) vé6i MIC 3,53
uM va ICs 0,53 + 0,13 uM [17]. Gan day,
nhom ciia Moraski dd cong bd cac dan xuat
carboxamide méi ctia imidazo[2,1-b]thiazole co
hoat tinh khang lao ddy hira hen, trong d6 hop
chat ICT-4 thé hién hoat tinh dédng chi y véi
MIC 0,061 pM va dgc tinh >100 uM (Hinh 1)
[18]. Trong khi d6, cac din xuit indole ciing
dugc biét dén v6i vai tro thiét yéu trong nhiéu
qua trinh sinh hoc va y hoc [19]. Chang han,
dan xuét indole tryptophan 1a mét amino acid
khong thé thiéu trong con duong tong hop sinh
hoa cia serotonin va kynurenin [20]. Mot s6
alkaloid c6 khung indole nhu ellipticine [21],
vinblastine, vincristine va vinorelbine [22] la
nhing hoat chit khang ung thu hiéu qua.
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ECy5=29 1M ECy5=450 1M
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Hinh 1. Mot s6 hoat chét tiéu biéu chira hé vong
Imidazo[2,1-b]thiazole.

Lai hoa phén tir, qua trinh két hop hai hoic
nhiéu cdu phan hoat tinh (scaffold) riéng biét
trong mot phan tir duy nhét, di ni 1én nhu mot
chién lugc manh mé trong kham pha thudc
[23, 24]. Phuong phap nay nham ting cudng
hiéu qua didu tri va giam tac dung phu béng
cach tao ra cac hop chat c6 thé twong tac voi
nhiéu muc tiéu sinh hoc. Cac vi du thanh cong
vé hop chit lai bao gdm cac dan xuét dua trén
indole khac nhau thé hién hd so hoat tinh duoc
cai thién so véi cac hop chat gbc cta chung [5].
Nhiing chién lugc nhu vay da ching minh dic

biét hi€u qua trong viéc giai quyet cac bénh
phtre tap doi hoi cac phuong phap tiép can diéu
trj da muyc tiéu [5, 23, 24]. Viéc két hop céu trac
16i  imidazo[2,1-b]Jthiazole véi cic phan
indole dé tao thanh cAu trac SH-
thiazolo[2',3":2,3]imidazo[4,5-b]indole  (TIDI)
mé ra mot hudng nghién ciru diy hira hen trong
linh vgc kham pha thubc tiém nang va khoa hoc
vat liéu [25-27]. Nam 1976, Adhikary va Das
d3 cong bd phuong phap tong hop TIDI dau
tiéen dua trén phan tng kiéu Cadogan cua
5-nitroso-6-phenylimidazo[2,1-b]thiazole  véi
triethyl phosphite, thu dwoc san phdm véi hiéu
sudt trung binh [28]. Phan tir TIDI nay da thé
hién dic tinh chdng ting huyét 4p dang cha .
Pén nam 2015, Kim va cong sy di cong bd quy
trinh tong hop bdn budc cua 5-aryl-5H-
thiazolo[2',3":2,3]imidazo[4,5-b]indoles (TIDIs)
st dung phan trng Cadogan va phan ting ghép
cap C-N xuc tac boi Pd [29]. Pang chu y, cac
dan xuét TIDI va BTIDI nay da duoc ing dung
thanh cong trong viéc ché tao cac thiét bi dién
phat quang hitu co méi.

R-CN
CHO . MeOH, pTSA \[/
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Hinh 2. Quy trinh tng hop céac hop chit
imidazothiazole-indole béi Prem M. S. Chauhan
va cong su.

Trong mot nghién ctu cia Chauhan va
cong su, cac hop chat lai imidazothiazole-
indole dugc tong hop st dung phan tng da
thanh phan Ugi (tong hop  khung
imidazothiazole) va phan tng ghép cdp C-N tai
nhom amino bac hai sinh ra trong budc phan
ng trude d6 (Hinh 2) [30]. Dya trén y tudng
nay, ching t6i tiép can theo hudng téng hop
khung imidazothiazole-indole sir dung cic dan
xuat amine san co va it doc hon cac dan xuit
nitrile [31, 32]. Trong c4c nghién ctru gan day,
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chung t6i di phat trién thanh cong mot sb
phuong phap kha thi dé tong hop carbazole,
carboline va 5H-pyrido[2’,1:2,3]imidazo[4,5-
blindoles dua trén phan ung ghép cap C—N hai
lan sir dung xtic tic Cu c6 gia thanh va doc tinh
thap [33-35]. Géan déy, chiing toi dd cong b két
quéa tong hop TIDI thong qua phan tmg ghép
cip C-N lién tiép sir dung xuc tac Cul két hop
v6i phéi tir L-Proline [36]. Tiép tuc cac nghién
ctru trong hudng nay, ching toi trinh bay mot
phuong phép tong hop hiéu qua cac dan xuat
TIDI thong qua phan tmg ghép cap C-N lién
tiép st dung xuc tac Cul két hop vé6i phdi tir
Ethyl 2-oxocyclohexane-1-carboxylate L6.
bang chu y, viéc thay thé tac nhan oxy hoa dat
tién va gay hai méi trudng nhu AgNOs bang
dung moéi DMSO déng vai trd nhu mot chét oxy
hoéa hiéu qua trong phan tng ghép cap C-N kép,
d3d mo ra tiém ning Ung dung rong rai cho
phuong phap nay.

2. Thuc nghiém
2.1. Héa chadt va phirong phap chung

Hoa chét va dung méi dugc mua tir cac nha
cung cap AK Scientific (My) hoic Sigma-
Aldrich (Merck, Buc) va su dung ngay ma
khong can tinh ché thém. Ddi véi viée xac dinh
ciu trac phan tir, phd 1H-NMR va 13C-NMR
duoc do trén may Bruker Advance I11-600 MHz
(Thuy S7) véi TMS 1am chat ndi chuén.

2.2. Quy trinh tong hop

o)
Br
NBS, p -TSA Br
CH3CN, reflux, 8h
2(98%)

N
NaHCO, 5h
A\ 3
[S%NHZ 70°C, EtOH
3

Br S S
L=
N @/&/N
CH;CN
Br 80°C, 8h

4 (80%)

5 (82%)

Quy trinh tong hop hop chdt 2: Dé thu duoc
hop chat 2, 1-(2-bromophenyl)ethan-1-one
(hop chét 1, 2 g, 10 mmol, 1,0 dwong luong),
N-bromosuccinimide (1,8 g, 10 mmol, 1,0
duong lugng) va p-TSA (1,9 g, 10 mmol, 1,0
duong lugng) lam xuc tac cho phan tng dugc
hoa tan vao 20 ml CHsCN. Hon hop dugce dun
hdi luu trong 8 gid. Sau khi phan tmg két thic,
dung moi duogc cit quay dudi ap sudt giam.
Chat ran thu dugc dem chiét phan 16p v6i hon
hop EtOAc/H,O (ty 1¢ thé tich 1/1, 50 ml*3 lan).
Phan 16p EtOAc dugc lam kho védi NaxSO4 va
6 dic lai dudi ap suat giam thu duoc hop chit
2 ¢6 dang dau mau ndu (2,74 g, 98%). Hop chit
2 dugc dem st dung luén cho budc phan tng
tiép theo.

Quy trinh tong hop hop chat 4: Hon hop
gdbm  2-bromo-1-(2-bromophenyl)ethan-1-one
(hop chét 2, 2g, 7,2 mmol, 1,0 duong lugng),
thiazol-2-amine (hop chat 3, 0,79g, 7,9 mmol,
1,1 duong luong) dugc hoa tan trong 15 ml
ethanol. Thém vao hdén hop trén NaHCO;
(0,6g, 7,2 mmol, 1,0 duong lugng) sau d6 dun
hdi luu hén hop & 70 °C trong 5 gi0. Dung moi
ethanol dugc co loai dudi ap suat giam, chét rin
con lai dem chiét phan 16p v6i EtOAc/H.,0
(ty 1& thé tich 1/1, 50 mI*3 lan). Thu lay phan
dung dich hitu co va 1am khan bang Na,SO, sau
d6 cét loai dung moi dé thu duoc mot chat ran
mau vang. Chét rin nay duoc tinh ché thém voi
sic ky cot (silica gel, n-hexane/EtOAC 4:1) thu
dugc hop chét 4 (Chét ran mau tréng, 1,6g, 80%).

Hop chat 4: 'H NMR (600 MHz, CDCls) ¢
8,17 (s, 1H); 8,07 (dd, J = 7,9; 1,8 Hz, 1H);
7,63 (dd, J =8,0,1,3Hz, 1H); 7,42 (d,J =45
Hz, 1H); 7,37 (ddd , J = 7,9; 7,3; 1,3 Hz, 1H);
7,12 (ddd, J =8,0; 7,3; 1,8 Hz, 1H); 6,81 (d, J =
4,5 Hz, 1H). ®C NMR (126 MHz, CDCls) ¢
149,2; 145,0; 134,5; 133,7; 131,1; 128,4; 127,5;
120,8; 118,6; 112,8; 112,1.

Quy trinh tong hop hop chdt 5: Hop chét 5
dugc tong hop bang cach thém vao dung dich
acetonitrile (30 ml) 6-(2-
bromophenyl)imidazo[2,1-b]thiazole 4 (2 g,
7,16  mmol, 1,0 duong lugng) va
N-bromsuccinimide (1,3 g, 7,16 mmol, 1,0
duong luong). Hon hop dugc khudy déu va dun
noéng & 80 °C trong 8 gid. Dé phan tmg ngudi
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vé dén nhiét d6 phong sau d6 loai dung moi
dudi ap suat giam. Chiét phan 16p san pham voi
hén hop EtOAc/H,0 (ty 1¢ thé tich 1/1) ba lan,
mdi lan 50 ml dung méi EtOAc. Phan 16p
EtOAc duoc lam kho bang Na,SO; sau d6 dung
mdi duge c6 loai dudi ap sudt giam. San pham
thd dwoc tinh ché boi sic ky cot (silica gel,
n-hexane/EtOAc 4:1) thu duoc hop chét
5-bromo-6-(2-bromophenyl)imidazo[2,1-
b]thiazole 5 14 chit ran mau tring (2,1 g, 82%).

Hop chit 5: 'H NMR (600 MHz, CDCls) 6
7,68 (dd, J = 8,1; 1,2 Hz, 1H); 7,48 (dd, J = 7,6;
1,7 Hz, 1H); 7,40 (d, J = 4,5 Hz, 1H); 7,37 (td,
J=75;12Hz, 1H); 7,28 — 7,23 (m, 1H); 6,93
(d, J = 45 Hz, 1H). C NMR (151 MHz,
CDCls) ¢ 148,3; 144,6; 134,0; 133,1; 132,4;
130,0; 127,1; 123,7; 117,5; 113,3; 92,9.

Br NT/S NS
NJ Cul, L6 \_N_/
\ RNHy ——M \
BI' DMSO, KzCOg ‘R
120°C, 24h
5 ba-f Taf

Quy trinh tong hop hop chdt Ta: Mot hdn hop
gdm hop chit 5 (120 mg, 0,335 mmol, 1,0 duong
luong), benzylamine 6a (72 mg, 0,67 mmol, 2,0
duong lugng), copper(l) iodide (6,38 mg,
0,034 mmol, 10 mol%), ethyl
2-oxocyclohexanecarboxylate (5,7 mg,
0,034 mmol, 10 mol%) va K,COs (139 mg,
1 mmol, 3,0 duong lugng) dugc hoa tan trong
DMSO (1 ml) va dun & 120 “C trong 24 h trong
dng kin chtra diy Argon. Két thuc phan ung,
hdn hop duoc chiét voi EtOAc/H,O ba lan.
Phan 16p hitu co dugc thu lai va lam kho voi
Na;SO, sau d6 dung méi dugc cét loai dudi ap
sudt giam. Chét rin mau nau thu duoc dugce tinh
ché st dung sic ky cot (silica gel,
n-hexane/EtOAc 3:1) thu dwoc hop chit
5-benzyl-5H-thiazolo[2',3":2,3]imidazo[4,5-
blindole 7a (86 mg, 85%) la chat rin mau tring.

Hop chit 7a: 'H NMR (600 MHz, CDCl3) ¢
8,02 — 7,94 (m, 1H); 7,45 (dt, J = 8,3; 0,8 Hz,
1H); 7,41 — 7,33 (m, 3H); 7,32 — 7,26 (m, 4H);
6,55 (d, J = 0,6 Hz, 2H); 5,50 (s, 2H). *C NMR
(151 MHz, CDCls) ¢ 139,3; 136,5; 129,3;

128,5; 127,0; 122,0; 120,2; 118,9; 118,5; 116,0;
110,1; 109,8; 48,5.

Hop chét 7b-7f dugc tong hop sir dung quy
trinh chung nhu hop chat 7a véi cac din xuat
amine khac (6b-6f).

Hop chét 7b: *H NMR (600 MHz, CDCls) ¢
8,02 — 7,98 (m, 1H); 7,65 — 7,59 (m, 2H); 7,59
— 7,53 (m, 3H); 7,50 — 7,41 (m, 1H); 7,32 —
7,26 (m, 3H); 6,77 (d, J = 4,6 Hz, 1H). °C
NMR (126 MHz, CDCls) ¢ 130,1; 127,2; 124,9;
122,5; 121,1; 118,6; 116,2; 110,7; 110,6.

Hop chét 7c: *H NMR (600 MHz, CDCls) 6
7,98 (ddd, J = 7,6; 1,5; 0,7 Hz, 1H); 7,47 — 7,42
(m, 1H); 7,31 — 7,21 (m, 4H); 7,19 — 7,11
(m, 5H); 6,60 — 6,52 (m, 2H); 5,45 (s, 2H); 2,35
(s, 4H). °C NMR (126 MHz, CDCls) § 139,2;
138,3; 133,5; 129,9; 127,0; 121,9; 120,1; 118,8;
118,4; 116,2; 110,0; 109,8; 48,3; 21,1.

Hop chat 7d: *H NMR (600 MHz, CDCls) ¢
8,00 — 7,89 (m, 1H); 7,60 (d, J = 4,6 Hz, 1H);
7,46 (d, J = 8,3 Hz, 1H); 7,29 — 7,25 (m, 2H);
7,21 (td, J = 7,5; 1,0 Hz, 1H); 5,05 (p, J = 8,8 H,
1H); 2,38 — 2,27 (m, 2H); 2,12 — 1,82 (m, 3H);
1,62 (s, 5H); 1,25 (s, 1H). *°C NMR (126 MHz,
CDCl3) § 1384; 1216; 119,6; 1184; 118,3;
116,7; 110,4; 110,1; 56,6; 32,1; 29,6; 24,2.

Hop chét 7e: 'H NMR (600 MHz, CDCls) 6
7,94 (ddd, J =7,7; 1,4; 0,7 Hz, 1H); 7,73 (d, J =
4,6 Hz, 1H); 7,38 (dt, J = 8,3; 0,9 Hz, 1H); 7,28
— 7,19 (m, 2H); 6,77 (d, J = 4,5 Hz, 1H); 4,45
(t, J = 6,6 Hz, 2H); 3,47 (hept, J = 6,1 Hz, 1H);
3,27 (dd, J = 6,0; 5,0 Hz, 2H); 2,13 — 2,06
(m, 2H); 1,09 (d, J = 6,1 Hz, 6H). *C NMR
(126 MHz, CDCls) § 147,6; 138,2; 131,6;
130,8; 121,4; 119,7; 118,7; 118,3; 116,1; 110,1;
109,8; 77,2; 71,7, 63,7; 41,2; 30,5; 21,9.

Hop chat 7f: 'H NMR (600 MHz, CDCls) ¢
7,96 — 7,90 (m, 1H); 7,31 — 7,23 (m, 4H); 7,25
— 7,11 (m, 9H); 6,60 (d, J = 4,6 Hz, 1H); 6,55
(d, J = 4,6 Hz, 1H); 4,32 — 4,23 (m, 2H); 3,88
(dt, J = 31,9; 7,8 Hz, 1H); 2,59 (q, J = 7,8 Hz,
2H). ¥C NMR (126 MHz, CDCl3) ¢ 147,7;
144,3; 143,5; 138,1; 131,9; 130,3; 128,8; 128,5;
127,8; 127,7; 127,7; 126,7; 126,3; 121,6; 119,9;
118,9; 118,4; 115,2; 110,2; 109,9; 77,2; 48,1;
43,2; 35,5; 30,9.
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3. Két qua va thio luin

Chung t6i bat dau qua trinh tong hop bang
cach ap dung phuong phap di dugc nhom
Kumar cong bd. Céc chét trung gian brom hoa
4 duge diéu ché véi hiéu suit 80% thong qua
phan ung déng vong ngung tu ciia hop chat 2
v6i 2-aminothiazole 3. Phan ung brom hoda
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chon lgc vi tri cua hop chit 4 v6i NBS tao ra
chat trung gian quan trong 5 v&i hiéu sut cao
(82%). Sau d6, cac hop chat trung gian 5 duoc
su dung trong cdc phan Umg ghép cap dong
vong voi nhiéu loai amin khac nhau dé tao
ra cac phan tr mong mudn (xem So do 1 va
Hinh 3).

Bang 1. T6i wu hoa phan Gmg tong hop hop chét 7a

HoN

Br S
N=
S0
Br
5 6a
Z N7 ‘

L1 L2

o

L7 ety Q”H“@

L6

[Cu], phéi ttr

Nhiét do

NYS
e s
Dung méi, Bazo N
R
7a

Thoi gian phan ¢ng

NH,
! CE Bt
HNT NH, N OH

L3

%

STT | Xdctc Phéi i Bazo | Dung moi Th%s‘%‘an leléct)d@ H‘?(}l/o )Sfét
1 Cul L1 K»CO3 DMSO 24 120 °C 15
2 Cul L2 K.CO;3 DMSO 24 120 °C 20
3 Cul L3 K.CO;3 DMSO 24 120 °C 10
4 Cul L4 K.COs3 DMSO 24 120 °C 5
5 Cul L5 K.CO;3 DMSO 24 120 °C 25
6 Cul L6 K.CO;3 DMSO 24 120 °C 85
7 Cul L7 K.COs3 DMSO 24 120 °C -
8 Cul L8 K.COs3 DMSO 24 120 °C -
9 Cul L9 K.CO;3 DMSO 24 120 °C -
10 CuBr L7 K.CO;3 DMSO 24 120 °C -
11 CuBr L8 K.COs3 DMSO 24 120 °C -
12 CuBr L9 K.CO;3 DMSO 24 120 °C -
13 CuBr L6 K.CO;3 DMSO 24 120 °C 53
14 Cucl L6 K.COs DMSO 24 120 °C 76
15 CuCl, L6 K»CO3 DMSO 24 120 °C 70
16 Cu(OAc), L6 K,COs DMSO 24 120 °C 75
17 Cul L6 K.CO;3 DMSO 12 120 °C 76
18 Cul L6 NaOtBu DMSO 24 120 °C 54
19 Cul L6 KsPO4 DMSO 24 120°C 63
20 Cul L6 K.CO;3 DMF 24 120°C 78




D. V. Dang et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 1 (2025) 99-107 105

21 Cul L6 K2CO3 Toluene 24 120 °C -
22 Cul L6 K2CO3 t-BuOH 24 120 °C -
23 Cul L6 K2CO3 DMSO 24 100 °C 82
24 Cul L6 K2COs DMSO 24 100 °C 73
25 Cul - K2CO3 DMSO 24 120°C -
26 - L6 K2CO3 DMSO 24 120°C -

“Pjdu kién phan ng: hop chét 5 (0,3 mmol), chat 6a (2 duong lugng), K2COs3 (3 duong luong), xtc tac [Cu]
(10 mol%), phdi tir (10 mol%), nhiét d6 120 °C, thoi gian 24 gio. 2 Hiéu suat san pham thu dugc bang sic ky cot.

Pé t6i wu hoa budc quan trong nay, ching
to6i chon phan mg cta 5 véi benzyl amine (6a)
lam phan tng m6 hinh (Bang 1). Viéc sir dung
cac ph01 tw nito hai cang cung voi sy két hop cac
loai mudi dong da duoc biét dén 1a diéu kién t6i
uu cho phan tmg ghép C-N. Do do, chung tdi chi
tap trung vao viéc sang loc mot s6 phdi tir hai cang
phd bién dé tim ra diéu kién phu hop nhét cho
chuyén hoa nay. Ban dau, diéu kién tiéu chuan cho
phan tmg ghép cap C-N, str dung Cul/bipyridine
(10 mol%/10%mol) dugc ap dung. Két qua chi
dat dwoc hiéu sut 15% san pham mong mudn
(Muc 1, Bang 1). Céc tdi uu hoa tiép theo khong
thanh cong v6i hdu hét cac phdi tir amin hai
cang phd bién va san pham ghép cip C-N mot
lan 1a san phém phu chinh. Pac biét, khi str dung
cac ligand L7, L8, L9 la cac ligand da nang do
nhém Dawei ma phét trién ciing khong thanh
cong. Hon nira, cac ligand L7, L8, L9 thuong
dugc st dung v6i CuBr, vi vay chiing t6i da su
dung mudi CuBr két hop voi cac ligand nay. Ket
qua van khong thu dugc san pham mong mudn.
Tuy nhién, khi sir dung phdi tir ethyl 2-
oxocyclohexane-1-carboxylate L6 két hop véi
Cul cho chuyén hoa nay, san pham 7a mong
mudn di duogc phan lap vai hi¢u suit 85%. Sau
khi sang loc mot so tién xtic tac Cu két hop véi
phdi tir L6, chung toi nhan thiy rang Cul 1 chat
xuc tac phtt hgp nhat cho phan tmg nay. Mot s6
diéu kién phan mg khac nhu bazo (Muyc 18-19),
dung mo6i (Muc 20-22) va nhiét do (Muc 23-24)
cling da duoc khao sat, nhung khong mang lai
hiéu suét tot hon. Pé hiéu 13 vai tro thuc su cua
chat xuc tac Cu va phdi tir, hai thi nghiém kiém
soat da dugc thuc hién khi khong co chét xuc tac
Cul hodc phdi tir L6 (Muc 25-26). Vi diéu kién
nay, chi thu dugc lugng vét ciia san pham 7a.
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Hinh 4. Cac dan xuét 5H- )
thiazolo[2',3":2,3]imidazo[4,5-b]indole di tong hop
thanh cong.
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4. Két luan

Trong nghién ctru ndy, sau hop chét duoc tong
hop vé6i hiéu suit tdt, bon hop chit trong s nay 1a
cac chat moi. Phuong phap tong hop céc hop chat
7a-f bang phan tmg ghép cap C-N ndi tiép sir dung
xuc tac Cu it doc hai va ré hon. Quy trinh tong hop
nay thé hién tiém ning tng dung trong cac chuyén
hoa hoa dugc va khoa hoc vat liéu.
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