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ABSTRACT

Methodology for synthesizing of B- and &-carboline via two steps
reaction from 2,3-dibromopyridine and 3,4-dibromopyridine. The
intermediate  was  prepared from the substrate with o-
bromophenylboronic acid via site-selective Suzuki-Myaura reaction,
then, the final products were obtained by double C-N coupling via the
Ulmann reaction of the intermediate with the corresponding amine with
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Gidi thiéu chung

Carboline la cdu trdc quan trong trong nhiéu hgp chat
tu nhién va cac phan tif c6 hoat tinh sinh hoc [1-3]. Cac
dan xudt cla carboline ¢ nhiéu Ung dung khéng chi
trong hda dugc [4-5], ma con trong khoa hoc vat liéu
[6-7]. Tuy thudc vi tri cla nguyén tif nitd trén vong
pyridine, cac carboline dugc chia thanh bén loai, dugc
dat tén la o-, B-, y- va &- carboline. S-Carboline tu
thién nhién dugc phan 1dp lan dau tién tU hat
clia Peganum harmala L. dugc s&t dung dé diéu tri ung
thu tiéu hda va bénh sét rét [8].

Cac B-carboline ty nhién thé hién nhiéu hoat tinh sinh
hoc phong phd, vi du: chita Alzheimer, khang ung thu,
khang viém, khdng HIV va khang sét rét [1-2, 9-11].
Ngoai ra, cdu trdc S-carboline xudt hién trong nhiéu
thuc téng hop, chdng han nhu ZK91296, 7ZK93426
hodc Abecamil [12-13] (Hinh 1). §-Carboline la cdu tric
it dugc nghién clu nhat trong sé bdn loai carboline,

trong khi cdu trdc nay la mét phadn quan trong cla
nhiéu ancaloit ty nhién, dac biét la quindoline va
cryptolepine. Cho dén nay, chi c6 mét sé S-carboline
dugc phan lap tU thién nhién, chdng han nhu
jusbetonin, cryptoquindoline va cryptomisrine [8, 14-
17]. Tuy nhién, cac dan xudt &-carboline nay da dugc
chiing minh ¢ tac dung doéc té bao, khang khuén va
tao khang nguyén [18-19].

S-carboline la mot trong hai loai carboline (cing vdi
a-carboline) dudc cac nha khoa hoc vat liéu dac biét
quan tdm trong Ung dung vét liéu ban dan hitu co va
OLEDs, nhg céc dac tinh lu8ng cuc, khd ndng van
chuyén electron cao ma it délai 16 tréng [7, 20-21].

Do tam quan trong I6p chat nay, nhiéu phuang phép
da dugc phat trién dé t6ng hop cac dan xuat
carboline, bao gém cac phan Ung Graebe-Ulimann
[22], Fischer indolization [23], Bischler-Napieralski [24],
va Pictet-Spengler [25]. Nam 2014, Shubhendu Dhara
cdbng bé phuong phép téng hop clia halo-carboline sir
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dung xdc tac PA(OAQ2 vdisu cd mét clia Cu(OAQ)2 lam
chat oxy hda, hinh thanh lién két C-N théng qua su
hoat hda Csp?-H/N-H cla dan xudt 4-metyl-N-[2-
(pyridin-3-yhphenyl] benzensulfonamit tao ra halo-
carboline [26]. Wang va cdng su cong bd phuong
phép téng hop da nang cac B-carboline va y-carboline
théng qua phan Ung céng vao C-H khdng oxy hda
khir, déng vong gitra indole va benzyl nitrile bang xdc
tac Pd [27]. Ngoaira, B- va y-carbolines dugc diéu ché
bdi xUc tac Ru va Rh théng qua phan Uing déng vong
[2 + 2 + 2] [28]. N&m 2019, TS. Tran Quang Hung dé
phat trién phuong phap t8ng hop hiéu qua cac dan
xugt B-carboline tU 3,4-dibromopyridin thdng qua
phdn Ung Suzuki-Myaura chon loc vi tri, v3i axit o-
bromopheny! boronic, tiép theo la phan Uing ghép cép
lién ti€ép C-N tao vong S-carboline [29].
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Hinh 1: m6ét sé B-, 6- carboline trong tu nhién va vét
liéu OLED

Phan Ung ghép cdp chéo ndi phan ti dugcxic tac bdi
phtc kim loai chuyén tiép 1a mot trong nhiring phuong
phap hiéu quéd nhit dé téng hop &-carboline bang
cach dung vong pyrrole. Nam 2011, Namjoshi cong b &
hai phadn Ung ghép cap lién tiép st dung xic téc
paladi. Cu thé phan Uing ghép cap chéo dau tién ducc
thuc hién gilta 2-chloroaniline va 5-bromopyridine vdi
su cd mat cla chat xdc tac PA(OAQ)2 thdng qua phan
Ung Buchwald-Hartwig dé tao ra chat trung gian, sau
dé 1a phan Ung ghép cap chéo ndi phan ti dé tao ra
&-carboline [30]. Tuy nhién san phém thu dugc hinh
thanh mét phén nhd cla a-carboline. Mét phucng
phép dé t6ng hop &- va a-carboline théng qua qua
trinh phdn Ung doéng vong [2 + 2 + 2] xic tac
NiCl2(DME)/dppp/Zn clia ynamide-nitriles hoac alkyne-
xyanamide vai alkyne d& dugc phét trién bdi Gaonan
Wang, ndam 2017 [31]. Khdng chi cac alkyne gilra mach
ma cac alkyne cudi mach cling dugc chuyén hda thanh
vong mong muén mét cach hiéu qua dé tao ra cac
dan xuét carboline. Ngoai ra, phan tng dong vong [2
+ 2 + 2] khong dung kim loai cling dugc st dung dé
tao ra cac &-carboline. Qué trinh déng vong ynamide-

nitrile va ynamide xuc tac bdi TFOH da dugc cong bé
dé t6ng hgp S-carboline trong diéu kién ém diu, cho
hiéu sudt cao [32]. Nam 2012, Detert cong bd quy
trinh t6ng hgp &-carboline sau budc ti 2-chloro-3-
nitropyridine [33]. Cung ndm do, nhom Cao d& phéat
trién mét phuong phép diéu ché S-carboline tur 2-
iodoaniline v&i N-tosyl-enynamines bang cach st dung
xUc tac Pd [34]. Nam 2015, TS. Tran Quang Hung da
cdng bé médt phucng phap téng hgp don gian cac
dan xudt &-carboline tU 1,2-dibromopyridine théng
qua phan Ung ghép cap C-C/C-N lién tiép, su dung
xUc tac Pd [35]. Cho dén nay, cac phucong phép da
cdng bd thudng dan dén viéc hinh thanh cac san
phém déng phan ngoaiy muén hodc st dung cac chat
xUc tac kim loai chuyén tiép dat tién (Au, Rh, Ru, Pd).
Gan day, ching t6i dé cong bé mdt phuang phap hiéu
qua t8ng hop cac dan xudt cacbazol, st dung xUc tac
Cu [36]. Nham tiép tuc phéat trién cac tng dung tiém
nang trong phan Ung ghép cdp C-N vdi xic tac Cuy,
trong bai bdo nay, ching toi cong bé phucng phép
dongian, hiéu quava ré tiéen déténg hop cac dan xuét
B- va &-carboline tir cac nguyén liéu ban déu sdn co sut
dung xuc tac Cu (Hinh 2). Phuong phép cla ching toéi
cho thdy khad nang téng hop da dang tU nhiéu ngudn
amin khac nhau, vdihiéu sudt téida lén dén 85%.

+ R- NH2
[Cu]
CEQ

d—carboline

Q_BS; p—carboline
Br
Br
Hinh 2: Phuong phép téng hap cla B- va &-carboline
st dung xdc tac Cu

Thyc nghiém va phuong phap nghién cliu

Héa chdt st dung

STT Héa chét Er?ie”ttl(r‘;g Ngudn géc
1 2,3-dibromopyridine 98 AKSci, My
2-bromophenyl Sigma Aldrich,
2 ' . 95 X
boronic acid Singapour
Sigma Aldrich,
3| Pd(PPhs). 99 Siggapour
4 CucCl, 98 AKSci, MY
5 Cu(OAC), 98 AKSci, MY
[ Cu(acac), 98 AKSci, My
7 CuBr, 99 AKSci, MY
8 Cul 99 AKSci, My
9 KsPO. 98 AKSci, MY
10 KOH 90 AKSci, MY
11 KOtBu 98 AKSci, My
12 K,COs 99 AKSci, My
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13 | THF 99 Sigma Aldrich,
Singapour

14| Toluen 99 Sigma Aldrich,
Singapour

15 | 1,4-Dioxane 99 S}gma Aldrich,
Singapour
Sigma Aldrich,

16 | DMSO 99 :
Singapour

17 | DMF 99 Sigma Aldrich,
Singapour

Quy trinh chung dé téng hop 3-bromo-2-(2-
bromopheny!) pyridin (1a) va 3-bromo-4-(2-
bromophenyl) pyridin (1b) (1a dugc téng hop theo quy
trinh da cong bé trudc day cua chidng téi) [35]

N N d(PPh); , KoCO; 1M, KOH 10% Br
= Br. N
THF, H,0 | N

70°C Z
1a

Hinh 3: Quy trinh téng hop 3-bromo-2-(2-
bromophenyl) pyridin

2,3-dibromopyridine (2 g, 844 mmol), axit 2-
bromophenyl boronic (1,7 g, 844 mmol), Pd(PPh3)4
(488 mg, 0,422 mmol), dugc thém vao binh Schlenk
250 mL. Hon hap dugcloai oxi véi khi Argon bang quy
trinh back-filled. Cho hén hop K2CO3 (1M, 25ml), 5giot
nudc KOH (10%) va 35ml THF dudc thém vao, sau doé
hon hop dudc suc Argon trong 3-5 phut. Phan Ung
dugcdéng bang ndt cao su va dun nong & 70°C trong
18h. Két thidc phan Ung, dung méi dugc cd quay chan
khong. Phéan can dudgc chiét bang etylaxetat va nudc.
L&p hitu ca dugc lam khan trén Na2SQO4, va loc, phan
dich loc dugccd khd trong chan khéng. Can mau vang
dugc tinh ché bang sdc ky cot (silica gel, Hexan /
ethylacetat 20: 1) dé thu dugc 3-bromo-2-(2-
bromophenyl) pyridin (1a) (2,2 g, 85%) & dang sird
khdéng mau.

3-bromo-4-(2-bromophenyl) pyridin 1b (1b
dugc téng hop theo quy trinh da cong bé
trudc day cla ching téi) [29]. Hiéu suét:
80%, dang sird khéng mau. 'TH NMR (600
MHz, Chloroform-d) & 854 (dd, J = 4.6, 1.3 Hz, 1H),
841 (dt, J = 7.7, 1.0 Hz, 1H), 7.77 (dd, J = 8.3, 1.3 Hz,
1H),7.57 =750 (m, 2H), 7.35 = 7.28 (m, 2H), 512 (p, ] =
9.0 Hz, MH), 237 = 2.27 (m, 2H), 2.22 — 2.05 (m, 4H),
1.92 = 1.82 (m, 2H). 13C NMR (151 MHz, Chloroform-d)
& 14214, 141.24, 140.54, 132,94, 127.40, 122.41, 121.02,
119.58, 119.47, 116.68,109.98, 55.86, 29.40, 25.27.

Quy trinh chung téng hgp: 5-benzyl-5H-pyrido [3,2-b]
indole (3a) va cdc dén xudt

CuCl,, N,N-dimethylglycin Ns
L KPO, | P
DMF, 120 c 24h \\@

Hinh 4: Quy trinh t6ng hgp 5-benzyl-5H-pyrido [3,2-b]
indole (3a)

Ta (100 mg, 0,32 mmoal), benzylamine (68,5 mg, 0,64
mmol) 2a, CuCl> (8,59 mg, 0,064 mmol), phdi t& N,N-
dimethylglycin (8,24 mg, 0,08 mmol) va K3PO4 (203
mg, 0.958 mmol), dugc cho vao éng phan Ung chiu
ap, dung tich 10ml. Hén hgp dugc thém 2 ml DMF va
dun néng & 120°C trong 24 gid. Sau khi lam ngudi,
hén hgp phan tng dugc d6 vao nudce (50 ml), chiét
bang etylaxetat (50 ml x 3). L&p hitu cg dugc lam khd
v&i Na2S04, loc va ¢& quay trong chan khong. Can
mau nau dugc tinh ché bang sac ky cot (silica gel,
Hexan / ethylacetat 5. 1) dé thu dugc 5-benzyl-5H-
pyrido [3,2-b] indole (3a) (70,2 mg, 85%) & dang chét
ran mau trang. TH NMR (600 MHz, Chloroform-d) &
8.55 (dd, J = 4.6, 1.3 Hz, 1H), 843 (dt, J = 7.8, 1.0 Hz,
1H),7.59 (dd, ) = 83,13 Hz,1H), 7,51 (ddd,J = 83, 7.1,
12 Hz,1H), 739 (dd,J = 82, 1.0 Hz,1H),7.33 (ddd, J =
79, 71,09 Hz, 1H), 731 =724 (m, 2H), 7.26 = 7.20 (m,
2H), 713 = 7.07 (m, 2H), 547 (s, 2H). 13C NMR (151
MHz, Chloroform-d) & 141.94, 141.84, 141.43, 136.51,
134.09, 12892, 127.95, 12776, 126.38, 12217, 121.01,
120.22, 120.06, 115.93,109.24, 46.55.

N 5-(2-fluorobenzyl)-5H-pyrido[3,2-blindole
@ ¢~ |3b) Hiéu sudt: 80%, chat ran mau trang. 'H
d NMR (600 MHz, Chloroform-d) & 8.58 (dd, )
F J=47,13Hz 1H),843 (dt, J = 7.8, 1.0 Hz, 1H),
769 (dd, J = 83, 1.3 Hz, TH), 7.55 (ddd, J =
83, 7.1, 1.2 Hz, TH), 7.45 (dt, J = 8.3, 0.9 Hz, 1H), 7.39 —
730 (m, 2H), 7.26 — 7.20 (m, 1H), 7.11 (ddd, ) = 10.3, 8.3,
12 Hz, 1H), 693 (td, J = 7.6, 1.2 Hz, 1H), 6.77 (td, J =
7.8, 19 Hz, 1H), 556 (s, 2H). 13C NMR (151 MHz,
Chloroform-d) & 16037 (d, J = 246.0 Hz), 142.02,
14130, 133.99, 129.51 (d, J = 81 Hz), 12822 (d,) = 3.7
Hz), 12801, 12454 (d, J = 3.6 Hz), 123.57, 123.47,
122.27, 121.04, 120.35, 120.12, 115.83, 115.57 (d, J = 211

Hz),109.12, 40.29 (d,J = 5.3 Hz).

N 5-cydopentyl-5H-pyrido[3,2-blindole (39
(L)~ |Hiéu sudt: 77%, chat ran mau trdng. "H NMR
@ (600 MHz, Chloroform-d) & 8.54 (dd, J = 4.6,

13 Hz, MH), 841 (dt, J = 7.7, 1.0 Hz, 1H), 7.77

(dd,J) =83, 13Hz, 1H),7.57 = 7.50 (m, 2H), 735 -7.28
(m, 2H), 512 (p, J = 9.0 Hz, 1H), 2.37 = 2.27 (m, 2H),
222 = 2.05 (m, 4H), 1.92 = 1.82 (m, 2H). 13C NMR (151
MHz, Chloroform-d) & 14214, 141.24, 140.54, 132.94,
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127.40, 12241, 121.02, 119.58, 119.47, 116.68, 109.98,
55.86, 29.40, 25.27.

1,2-bis(5H-pyrido[3,2-bJindol-5-yl)ethane
(3d) Hiéu sudt: 15%, chét rén mau tréng. 1H
NMR (500 MHz, Chloroform-d) & 8.35 — 8.27
(m, 4H), 7.47 (ddd, J = 8.3, 7.1, 1.2 Hz, 2H),
730 (ddd,) =79, 7.1, 09 Hz, 1H),7.24 — 719
(m, 2H), 6.92 (dd,J = 8.2, 47 Hz, 2H), 6.78 (dd,]) = 8.3,
14 Hz, 2H), 472 (s, 4H). 13C NMR (126 MHz,
Chloroform-d) & 141.91, 141.68, 140.36, 133.45, 127.87,
122.48, 121.22,120.49, 119.69, 114.37,108.00, 41.64.

Ng 4,4'-bis(5H-pyrido(3,2-blindol-5-yl)-1,1'-
Ly biphenyl (3e) Hiéu sudt: 12%, chat ran
) mau trdng. TH NMR (500 MHz,
Chloroform-d) & 8.65 (dd, ) =47, 1.4 Hz,
Q 2H), 853 (d, J = 7.8 Hz, 2H), 7.96 - 7.90
. (m, 4H), 7.82 (dd, J = 8.3, 1.3 Hz, 2H),
S "U773 2767 (m, 4H), 7.61 — 7.54 (m, 4H),
7.46 — 735 (m, 4H). 13C NMR (126 MHz, Chloroform-d)
& 14217, 141.62, 139.61, 136.47, 134.43, 128.78, 128.37,
127.29, 122.24, 121.34,121.23,120.29, 117.23,110.14.

Quy trinh chung téng hgp 9-benzyl-9H-pyrido [3,4-b]
indole (4a) va cdc dan xudt

&

Hinh 5: Quy trinh t6ng hop 9-benzyl-9H-pyrido [3,4-b]
indole (4a)

1b (100 mg, 0,32 mmol), benzylamine (68,5 mg, 0,64
mmol), CuClz (8,59 mg, 0,064 mmol), ph&i t& N,N-
dimethylglycin (8,24 mg, 0,08 mmol) va K3PO4 (203
mg, 0,958 mmol) dugc cho vao 6ng phan Ung dung
tich 10ml. Hon hop dudc thém 2ml DMF va dugc dun
nong & 120°C trong 24 gid. Sau khi lam ngudi, hon
hop phan Ung dugc d6 vao nudce (50 ml), chiét bang
etylaxetat (50 ml x 3). L&p hltu cd dugc lam kho vdi
Na2504, dudclocvalam bay hai dung moi trong chan
khong. Can mau nau dudc tinh ché bang sac ky cot
(silica gel, Hexan / ethylacetat 3: 1) dé thu dugc 9-
benzyl-9H-pyrido [3,4-b] indole 4a (57,8 mg, 70%) &
dang chdt ran mau trdng. TH NMR (600 MHz,
Chloroform-d) & 8.85 (s, 1H), 848 (d, J = 5.2 Hz, 1H),
818 (dt, J = 79,10 Hz, 1H), 799 (dd, J = 52,10 Hz,
1H), 757 (ddd, J = 83,7.1,12 Hz, 1H), 745 (d, ) = 83
Hz, 1H),7.34 —7.23 (m, 5H), 718 = 7.13 (m, 2H), 5.59 (s,
2H). 13C NMR (151 MHz, Chloroform-d) & 141.44,
13933, 13643, 13236, 12896, 128.69, 128.61, 128.57,

CuCl,, N,N-dimethylglycin, X
|
K3F'O4 N Ay

DMF, 120°C 24h

O

4a

127.85, 127.49, 126.49, 12195, 121.31, 119.98, 109.74,
46.97.

Hiéu sudt: 42%, dang rén mau trdng. '"H NMR

@ (500 MHz, Chloroform-d) & 8.99 (s, 1H), 8.45

(s, H), 816 (dt, J = 7.9,1.0 Hz, 1H), 8.00 (d, J

= 51Hz, 1H), 7.58 (ddd, J = 81, 6.8, 12 Hz, TH), 7.57 —

7.52 (m, 1H), 7.32 = 7.24 (m, TH), 519 (p, J = 9.0 Hz,

TH), 2.41 = 2.29 (m, 2H), 2.26 — 2.06 (m, 4H), 1.94 - 1.81

(m, 2H). 13C NMR (126 MHz, Chloroform-d) & 140.85,

13795, 132.54, 12918, 128.26, 12195, 121.38, 119.51,
110.55, 56.23, 29.69, 25.22.

Cr@9—cyc|openty|—9H—pyrido[3,4—b]indole (4b)
i A

9-(4-butylphenyl)-9H-pyrido[3,4-bJindole (49
@r@ Hiéu suét: 31%, dang rdn mau trang. TH NMR
(500 MHz, Chloroform-d) & 8.85 — 8.81 (m,
\@ 1H), 8.51 (d, J = 53 Hz, 1H), 819 (dt, J = 7.9,
1.0 Hz, 1H), 8.01 (dd, J = 5.2, 1.0 Hz, 1H), 7.54
(ddd, J = 82, 7.0, 12 Hz, 1H), 7.49 — 7.39 (m, 5H), 733
(ddd,) =80,70, 1.0Hz, 1H),2.78 = 272 (m, 2H), 1.76 —
167 (m, 2H), 144 (dt, J = 147,74 Hz, 2H), 099 (t, J =
7.4 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) &
143.09, 141.90, 139.37, 13417, 133.01, 130.03, 128.99,
128.63, 126.65, 121.79, 121.41, 120.53, 114.54, 110.68,
35.39, 33.54, 22.43, 13.97.

K&t qua va thao luan

Nguyén liéu ban dau 3-bromo-2-(2-bromophenyl)
pyridin (1a) dugc diéu ché theo quy trinh da cong bd
trudc day clia chiing t6i.[29, 35] Phan Uing ghép doi C-
N hai [&n clia 1a v&i benzyl amin 2a (2 dudng lugng),
st dung 20 mol% clia chét xdc tac Cu két hgp vdi 25
mol% phdi t& & 120°C, dé tao thanh san phdm
carboline 3a mong muén (Bang 1).

Bang 1: Bang t&i uu hda diéu kién phan Ung

Br N7 N=
N, HN— [Cu] (20 mol%), ligand \ /
[ N

B Base, Solvent
-
5 Hiéu
sttt Xdc tac Phai tr Bazo nu]g‘g sudt
(%)
7 CuOA 1o K.COs  DMF 60
C) phenanthroline
, (Cleca 110 K.CO,  DMF 44
) phenanthroline -3
1,10-
3 Cucl phenanthroline KaCOs DMF 65
4 CuBr, 1o- K.COs DMF 30
phenanthroline
5 Cul 1o K,CO DMF 51
. phenanthroline B
6 CuCl, L-proline K>COs DMF 70
7 CuCly N,N- K>COs DMF 76
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dimethylglycin

8 CuCl;, Bipyridine K.COs DMF 63
9 CuCl, Binap K.COs DMF 55
10 CuCls Dpephos K>COs DMF 63
n Ccuch NN €200 pr 70
dimethylglycin 3
2 cudl NI KsPO. DMF 85
Ul dimethylglycin S
13 Cudl NN~ KOH DMF 78
: dimethylglycin
N,N-
14 CucCl, ) ) KOtBu DMF 70
dimethylglycin
15 Cudl NN K:PO,  Tol Vét
U dimethylglycin 3 oluen €
1,4-
N,N- !
16 CuCls dimethylglycin K3PO, Dioxan 20
e
17 Cudcl NN- K3PO DMSO 80
Ul dimethylglycin T
18 - NN KsPO, DMF 0

dimethylglycin

Bieu kien: Ta (0.32 mmol), 2a @ equiv.), Bazo (3 equiv.), [Cu] xtc tdc
20 mol%), ligand 25 mol%), 120 °C, 24 h.

Hiéu sudt phdn (ng duoc ddnh gid béng phuong phdp 'H NMR, str
dung 4-methoxyacetophenone lam chdt néi chudn.

Cac yéu t6 chinh c6 thé anh hudng dén phan Ung nay,
bao gém ngudn xic tac déng, phdi tir, bazao va dung
moi, d& dugc sang loc dé t6i uu hda cho phan Ung.
1,10-phenanthroline 1a phéi t& phé bién va thong dung
cho xtc tac Cu do vay ban dau ching t6i chon phoi tur
nay dé t&i uu hda ngudn xuc tac Cu thich hgp, vdi
bazo dau la K2CO3 va DMF lam dung moi. Két qua
khdo s&t cac xic tac khac nhau gom: Cu(OAQ),
Cu(acac), CuClz, CuBrz, Cul, cho thdy xdc tac CuClz cho
hiéu suét kha vd&i 65%, trong khi cac xuc tac con lai cho
hiéu suat trung binh va thap. Tiép tuc ching toi khédo
sat cac phoi tif khac nhau cho xuc tac CuClz. Cac phdi
tlr khac nhau tU phdi tU bipyridine, cac axit amin cho
dén cac phdi ti phosphine va carbene da dugc kiém
tra. Chung t6i nhan thdy rdng hai axit amin la L-
proline, N,N-dimethylglycin la ngudn phoi tir t6t, dac
biét N,N-dimethylglycin cho hiéu sudt tang rd rét, dat
76% (Bang 1). Cac phdi ti con lai cho hiéu suét gidm
hoac khéng ddi. Sau khi d& tim ra xuc tac va phdi tur
phu hgp, ching toi tiép tuc t6i uu héa phan Ung vdi
cac bazag khac nhau va thu dugc két qué t6t vdi bazo
K3PO4, hiéu sudt 1én dén 85%. D€ danh gié vai tro cla
dung méi phan Ung, ching toi tién hanh phan Ung vdi
diéu kién tuong tu trong cac dung méi Toluen, Dioxan
va DMSO, san phdm & carboline thu dugc 80% khi
phan Ung dudc thuc hién trong DMSO. Tuy nhién, chi
thu dugc 20% san pham khi s&t dung dioxan, trong khi
vai dung moi toluen san phdm chi dugc quan sat thay
trén TLC & dang vét. Cudi cing, mét thi nghiém kiém
chiing khong st dung chét xuc tac CuCl2 da dudc thuc
hién, k&t qua cho thdy khéng tao ra san phdm &-

carboline (muc 18, Bang 1). V&i diéu kién téi uvu thu
dugc gém: xtc tac CuClz, N,N-dimethylglycin, K3PO4,
dung mdi DMF, chdng t6i da nghién cllu pham vi co
chét clia phuong phép nay bang cach st dung mét sé
amin khac nhau va céc hgp chét carboline khac nhau
da dugc t6ng hap thanh cdng (Hinh 6).

/ CuCIle N-dimethylglycin @\S\)
+RNH, — > ,
Br K3PO,4, DMF,120 °C, 24 h

1a 3a-e

Hinh 6: Té’ng hap clia cac dan xuét &-Carboline

=
CuCI;/N N-dimethylglycin \ N
+ R-NH, N
K3PO,4, DMF,120 °C 24 h R

4b, 42%
v 4c,31%

Hinh 7: T6ng hop clia cac dan xudt B —Carboline

Cac dan xuat 8-Carboline vai nhdm chirc khac nhau
thu dudgc vdi hiéu suat 12-85% (3a-e). Phan Uing cho
hiéu sudt t6t nhat khi st dung cac dan xuét benzyl
amin, cac dan xudt xyclo cho hiéu sudt kha, trong khi
d6 cac danxuat diamin thu dugcvdi hiéu suat thap 12-
15%.

Sau do, chung t6i dp dung quy trinh tuang tu dé téng
hop cac dan xudt B-carboline (4a-c) di ti chat trung
gian 1b, phan &ng ghép cdp C-N hai lan lién ti€p vai
amin 2a-c bang xtc tadc Cu. Céc B-carboline 4a-c
mong mudn thu dugc vdi hiéu sudt 31-70% (Hinh 7).
Clng giéng vai §-Carboline, cac dan xuét benzyl amin
cho hiéu suét t6t nhat. Trong khi phdn (ng cla céc
cycdo amin va dan xuét anilin cho hiéu suét trung binh
va thép.
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K&t ludn

Ching t6i da phat trién mét quy trinh téng hap mdi,
don gian, ré tién, hiéu qua, cac dan xudt B- va &-
carboline. Cac phédn Ung dua trén phan Ung ghép cap
C—N hai l&n lién tiép, st dung xuc tac dong, ti cac hap
chat dibromophenylpyridine véi cac dan xudt amin da
dang. Biéu kién t6i uu cho phan Ung s& dung xuc tac
CuCl2 két hgp vdai ligand N,N-dimethylglycin, v&i mudi
KsPO, trong dung modi DMF & 120 °C, trong 24h. Vi
quy trinh nay, chung toi da téng hap dugc 8 dan xudt
vdi hiéu suat 1én dén 85%. Quy trinh clia chiing toi ¢
thé phét trién ng dung trong ca cdbng nghé hoa dugc
va khoa hoc vat liéu.

L&i cdm on

Cac k&t qua clia nghién clru nay dugc tai trg bai dé tai
G s& Vién Hoa hoc, mé sé VHH.2021.03.
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