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LOI CAM POAN

T6i xin cam doan luan &n nay la san pham cua qua trinh nghién ctu cua
ban than dudi sy huéng dan khoa hoc cua tap thé huéng dan. Nhitng két qua
nghién ctru da duoc cdng bé chung vai céac tac gia khac déu duoc s ddng thuan
ctia dong tac gia khi dua vao vao luan an nay. Tat ca s6 liéu va két qua duoc trinh
bay déu hoan toan trung thuc va chua tirng xuit hién trong bat ky céng trinh
nghién ctru ndo ngoai trir nhitng cdng trinh cdng bé caia ban than va nhém nghién
ctru. TOi cam két rang tat ca cac tai liéu tham khao duoc trich dan day du, trung
thue va 16 rang, dam bao tinh chinh xéac va sy dong nhat trong qué trinh nghién
ctu. Luan an nay da duoc hoan thanh trong khoang thoi gian téi lam nghién ctru
sinh tai Hoc vién Khoa hoc va Céng ngh¢, Vién Han Iam Khoa hoc va Cong nghé
Viét Nam. Dong thoi, t6i xac nhan ring moi cong doan va két qua caa luan an
déu tuan thu quy dinh caa Hoc vién.

Ha N¢i, ngay .... thang .... nam 2024

Tac gia luan an

NCS. Nguy&n Minh Quan



LOI CAM ON

Véi 16ng biét on sdu sic, tdi mudn bay té 1ong biét on chan thanh dén
GS.TS. Nguyén Vian Tuyén va TS. Tran Quang Hung, nhitng ngudi thay truc tiép
huéng dan, tan tam chi bao, gitip d& t6i sudt qua trinh hoc tap va hoan thanh luan
an. Su hd tro cua cac thay 1a ngudn dong vién to 16n dé tdi thuc hién cong viéc
nghién cuu.

T6i ciing xin duoc giri 161 cam on chan thanh dén PGS.TS Ding Thi Tuyét
Anh, TS. Lé Nhat Thuy Giang, TS. Nguyén Ha Thanh cuing cac nghién ciru vién
trong phong Hoéa duogc, phong Hoéa sinh trng dung, cling nhu cac can b tai Vién
Hoéa hoc, nguoi da hd tro ti mot cach tan thm vé mat thuc nghiém trong qué trinh
thuc hién luan an.

Loi cam on ciing duoc danh dén cac thay cd6 Khoa Hda hoc, Hoc vién
Khoa hoc va Cong nghé, da danh thoi gian giang day va huéng dan cho toi hoan
thanh céc hoc phan va chuyén dé trong chuong trinh dao tao. Téi ciing mudn gui
loi cam on dic biét dén Ban Lanh dao, phong Pao tao, va cac phong chirc ning
ctia Hoc vién Khoa hoc va Cong nghé, di hd trg t6i vai cac thu tuc lién quan dén
hoc tap va thuc hién luan an.

T6i ciing mong mudn bay to 1ong biét on siu sic dén Ban ldnh dao co quan
cong tac da tao ra diéu kién thuan loi vé thoi gian, céng viéc va tha tuc dé toi co
thé hoc tap va nghién ciu mot cach hiéu qua.

Cubi cuing, 10i cam on dugc gui dén gia dinh, ngudi than, ban be, va dong
nghiép, nhimg ngudi da ludn dong hanh va hd tro toi trong moi khia canh suét
qua trinh thyc hién luan an.

Ha Néi, ngay .... thang .... nam 2024

Tac gia luan an

NCS. Nguy&n Minh Quan
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1
MO DAU

C4c phan tir di vong thom c6 mit khip noi trong cudc séng va moi trudng va
duoc ung dung rong rai trong y hoc, ndng nghiép va cdng nghé. Cac hop chat cé cau
tric di vong lién hop gidp canh dugc ung dung khong nhiing trong linh vuc ban dan
hiru co nhu diode phat quang hitu co (OLED), pin mat troi hiru co (OPV) va transistor
(linh kién ban dan) hiéu ung truong hitu co (OFET), ma con trong linh vuc y sinh
nhu cac cam bién sinh hoc, nhudém té bao, danh diu thudc, chuan doan va diéu tri
bénh. Imidazopyridine 1a hop chat di vong nito c6 chira goc imidazole gin véi vong
pyridine, trong d6 imidazo[1,2- a]pyridin 1a quan trong nhét trong s6 cac dan xuét
imidazopyridine. Cac dan xuét nay c6 hoat tinh sinh hoc 1y tha nhu khang khuan, khang
nam, chdng viém, khang u, khang vi rat. Mot s6 loai thudc thugdc 16p chat nay dugc st
dung trong diéu trj 1am sang. Carbazole 13 mot hydrocacbon thom da vong bao gom hai
vong benzen & hai bén caa mot vong pyrrole, nhiéu hop chét carbazole alkaloid c6 trong
tu nhién. Cac hop chat carbazole sé hitu cac dic diém cau tric hap dan va cic hoat tinh
sinh hoc 1y thu nhu chéng oxy hoa, khang viém, khang virus, khang u, khang ung thu,
chdng co giat, chéng loan than, ciing nhu diéu tri tiéu duong nén nhan duoc su quan tam
dac biét ciia cong dong khoa hoc. Carboline, con duoc goi 1a pyridine indoles cd thé duoc
chia thanh bén loai theo cac vi tri khac nhau ciia nguyén tir nito trén vong pyridin, duoc
dat tén 1a a-carboline, S-carboline, y-carboline va d-carboline. T4t ca bon loai carboline da
duoc phan 1ap trong c4c san pham tu nhién, dic biét 1a s-carboline va y-carboline da dugc
nghién cau rong rai vai hoat tinh sinh hoc 1y thi nhu chdng ung thu, chdng sot rét, khang
khuan, ddc tinh chéng nim va chdng dong vat nguyén sinh, bén canh d6, nhiing cac hop
chit nay ciing da duoc sir dung rong ri trong tong hop hitu co.

Do nhitng tng dung thi vi cua cac hop chat ciu tric hé di vong thom giap canh
noi trén, hudng nghién ciu phat trién phuong phap tong hop méi cua kiéu cau tric
nay nhan duoc su quan tam dic biét cua cac nha khoa hoc trén thé gigi. Gan day, cac
phuong phap tong hop cac hop chat di vong va da di vong st dung xdc tac kim loai
dang duoc phat trién manh mé. Trong sb do, xuc tac paladi di va dang duoc tap trung
nghién ctru va cho thay nhitng tng dung quan trong trong téng hop hitu co. Gan day,
viéc str dung cac kim loai sin c6 nhu d6ng nham thay thé xuc tac kim loai paladi dat
tién dang dugc cac nha khoa hoc quan tam, Do d6, ching ti chon dé tai “Nghién

ciru c&c chat xudc tac cho phan &ng ghép ndi C-N dé tong hep cac hop chat di
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vong pyridoimidazoindole, carbazole va carboline” véi muc tiéu nghién ciu tong
mét s6 hé xuc tac trén co s paladi va dong str dung cac ligan hitu co khac nhau dé
tdng hop cac hop chat di vong chira di td nito qua phan ang ghép cip C-N.

Noi dung nghién ctu:
- Nghién ctu sir dung hé xuc tac Pd véi cac ligan hitu co khac nhau dé tong hop cac
hé di vong pyridoimidazoindole qua phan &ng ghép cip hai lan va xac dinh ciu tric
hoa hoc cua chung;
- Nghién ctu st dung hé xdc tac Cu véi ligan hiru co dé tong hop cac dan xuét
carbazole qua phan tng ghép cap hai 1an va xac dinh cau tric hda hoc cua ching;
- Nghién ctru str dung hé xtc tac Cu voi ligan hitu co dé tong hop cac dan xuét S-
carboline va d-carboline bang phan tng ghép cap hai lan va xac dinh cau trdc héa hoc

caa chang.
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Chwong 1: TONG QUAN

1.1. Téng quan vé din xuit imidazo[1,2-a]pyridine

Imidazopyridine 1a hop chét di vong nito c6 chtra géc imidazole gan véi vong
pyridine [1], trong d6 imidazo[1,2-a]pyridin 1a quan trong nhat trong sb cac dan xuét
imidazopyridine. Cac dan xuét nay c6 hoat tinh sinh hoc 1y tha nhu khang khuan, khang
nam, chdng viém, khang u, khang vi rat [2-12]. Mot s loai thude thudc 16p chat nay duoc
sir dung trong diéu tri 1am sang nhu zolpidem (1), duoc sir dung trong diéu tri chimg mat
nga) [13], alpidem (2, tac nhan chdng lo au) [13], olprinone (3, dé diéu tri suy tim cap)
[14], zolimidine (4, dwoc st dung dé diéu tri loét da day ta trang) [15], necopidem va

saripidem (5 va 6, tac nhan chdng lo au) [16] (Hinh 1).

N/ Me N/ ¢ 2
Me cl A CN o X N
(e}
o (e} N
N- N—
Mé Me ,

\

Pr" "Pr
Zolpidem, 1 Alpidem, 2 Olprinone, 3
=N =N
Et Cl
=N ~ N/ N/
OzMe Me
N
Me.N MeN
O)\‘Bu O)\nPr

Zolimidine, 4 Necopidem, 5 Saripidem, 6

Hinh 1. Cac thudc c6 chiza goc imidazo[1,2-a]pyridin

Do ¢6 hoat tinh sinh hoc Iy thi nén cac hop chat imidazo[1,2-a]pyridine da dugc
nhiéu nha héa hoc quan tdm nghién ciru cac phuong phap tong hop cac dan xuat
imidazo[1,2-a]pyridine.
1.1.1. Tong hep cac ddn xudt imidazo[1,2-a]pyridine qua phdn ing ngung tu

Phan timg ngung tu gitta cac a-haloketone véi cac 2-aminopyridine nhan dugc cac

dan xuat imidazo[1,2-aJpyridine (9), vi du phan &ng téng hop tir 2-aminopyridine (7) va
a-bromo/chloroketone (8) trong diéu kién khong ¢ chat xtc tic nhu mo ta trong So dd 1
[17].



NH,
N
Q Catalyst-free ~ T~
/ \ X y/ Ar
N *Ar > RITX N
e R2 Neat, 60°C R2
R
7 8 9

Sor do 1. Tong hop imidazo[1,2-a]pyridine duéi diéu kién khong xic tac
Phan ting cua a-tosyloxyketone (11) véi 2-aminopyridine (10) trong chat léng ion
BPyBF & nhiét ¢ phong tao thanh cac dan xuat imidazopyridine véi hiéu suat 72-90%
(So d6 2A). Cac imidazopyridine dugc tong hop truc tiép tir cac ketone véi hiéu suét 74-
81% (So d6 2B) [18].

A
R1 . / \
N NH2 N32003 (05 eqUIV.)
| A + RZ\(& > N7\

o)
= BPyBF, (2 mL), rt N
OTs R2

10 1" 12

o 1. PhI(OH)OTs = /N/ "
P e

2. 2-Aminopyridine R2

NazCO3, BPyBF4, rt
13 12

Sor do 2. Tong hop imidazo[1,2-a]pyridine tir a-tosyloxyketone va tzr ketone
Céc dan xuat imidazo[1,2-a]pyridine (15) duoc tong hop tir cac ketone (14) nhd phan
ing i6t hoa thanh a-iodoketone, sau d6 phan wng véi amino pyridine tao thanh cac
imidazopyridine (So db 3) [19].

1.15, 110°C, 4h
)OL | NG NH,  2.aq.NaOH (45%), 100°C, 1h N
+ » R
R” “CHj, E) S\Va
14 123 10 15

©
H-0 ESIPT H O

NN . _N®

N/ « N_/
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o 0 (L,

N N™ N N
NN Y o ' oH Y o

—( OH

OMe Br Br
15a 15b 15¢ 15d
A
X |
I N \N
O

N \N [ H
\\i\ OH
N
OH Q/\
15e 159
So do 3. Tong hop imidazo[1,2-a]pyridine tir cac ketone bang cach tong hop tai ché cac
a-iodoketone
Phan ng gitia a-diazoketone (17) va 2-aminopyridine (16) véi xuc tac Cu tao

thanh céc dan xuat imidazopyridine (18) véi hiéu suat va do chon loc cao. Phan ing hinh

thanh imine sau d6 1a vong hoa ndi phan tir, cudi cing tach loai nito (So do 4) [20].

|
R | Cu(OTH), (10 mol%), SN
2 -
RZ™ . N" NH, > =
N, DCE, 80 °C, 2-3h
17 16 18

o)
N NHz Cu(OTf), N N\\(© C@_@
- 3
- L, —— 0L N
A By

=N
R S——
<)
19

Sor dé 4. Tong hop imidazo[1,2-a/pyridine dwot Xic tac béi dong (Cu) gia a-
diazoketone va 2-aminopyridine
Céc dan xuat imidazopyridin (21) duoc tong hop tir mudi alkynyl(phenyl)iotonium
(20) va 2-aminopyridine (10) vai hiéu suat 53-71%. Phan tmg dugc tién hanh thdng qua

10

su chuyén vi [3,3]-sigmatropic, sau d6 1a phan &ng vong héa noi phan tir (So d6 5) [21].
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N NH2 ® o K,CO3 (0.5 equiv) N

P + R4©T|HPhOTs oo ~ | N\/)—@R
10 20 21

Co ché phan tng

|
() () |
@
NN N NH |\ -IPh N
=+ o= e L e— (L
N” NH
.o @|
®lph

Sordo 5. Tong hop imidazo[1,2-a]pyridine tir mugi alkynyl(phenyl)iodonium

Phan @ng gitra 2-aminopyridine véi cac haloalkyne tao thanh chat trung gian
alkynylamine (24), sau d6 dong phan héa thanh chat trung gian (25), cudi ciing 1a dong
vONg ndi phan tir dé tao 3-arylimidazo[1,2-a] pyridine (So db 6) [22].

, 2 equiv. NaHCO4 R1_:/j
R2. LA

R1{\ s O N=pr > N™ N
- ) —

N NH, DMF, 120 °C, 24h =

16 22 R?

Co ché phan tng



R /j
R2 I\N N

|
|
= S \\p— - N
R1-—- | + ¢ ——Br L _
K\N NH, &S
\ o , 23
R
16 22
-HBr ‘
H . L
N isomerization _ N
= ~
R1—/Y A 1_//\(/ N
\ R
N | I NH |
24 “R2 25

JC

_R2

Sor dé 6. Tong hop imidazo[1,2-a]pyridine tir 1-bromo-2-phenylacetylene/1,1-dibromo-

2-phenylethene

Céc dan xuat N-(imidazo[1,2-a]pyridin-3-yl)sulfonamide (29) duoc tong hop tir
arylglyoxal hydrate, 2-aminopyridine va sulfonamide véi hiéu suét tir 28-90% trong diéu

kién t6i uu str dung xUc tac ZnClz, hdn hop dung mdi toluen/EtOH véi ty 1é 2:3 (So d6 7)

[23]. Véi su c6 mit caa ZnCly, hop chét 30-Ts chuyén hda thanh imine va phan wng véi

EtOH tao chat trung gian 32, sau d6 1a phan Gng véi 2-aminopyridine, vong hda noi phan

tir va cubi ciing dé proton hda tao hop chat 35 (So do 7).

o) RS = ‘ 17
2_& 2 I
R%-S-NH, 27 R SN NH,
o O:T:O
2.3 equiv. 1.5 equiv.
RAS/OH a : RJk(NH _
OH toluene, reflux, 2-12h HN . 0 ZnCl; (10 mol%),
26 S-gz  ethanol, reflux, 2h
o)
28

Co ché phan tung



o Ts 0 O
NH ZnCl, | EtOH |
HN _ N.
Ts N\TS Ts
30 31 32

N - N N\ N
— HN 29 H |
HN ¢ Ts-N
Ts (OEt
35
34 33

So do 7. Tong hop imidazo[1,2-a]pyridine tir cac arylglyoxal hydrate
1.1.2. Tong hep cac ddn xudt imidazo[1,2-a]pyridine qua phdn ieng gép doi giiia 2-
aminopyridine va nitroolefin
Phan tng tong hop imidazo[1,2-a]pyridine tir nitro olefin vai 2-aminopyridin véi
xuc tac FeCls qua phan ting cong Michael, sau d6 1a qua trinh vong hoa ndi phén tir va

cudi ciing I qua trinh loai bé nude va nitroxyl (HNO) (So d6 8) [24].



Rzlfj
K N

FeCl3 (20 mol?
R1_/ | + RZ/\/NOZ e 3( mo /0)> N N
SN NH, DMF, 80 °C, 2h \={
1
16 36 R
18

R'=H, Me, CI, Br
R? = aromatic, hereroaromatic, aliphatic

=
10 [ | v/\ H
Fe-salt
+ s /
Michael addition C
N
36 R2TNANO: N,

HO’

38

X
X "HNO |
18-H | Ny

B SE—
N™SN -H,0 )\é—R
=( HO-NQ
o H
N,

Sor do 8. Tong hop imidazo[1,2-a]pyridine bang phdn ing gen déi Tandem
1.1.3. Tong hep cac ddn xudt imidazo[1,2-a]pyridine qua phdn @ng ghép néi oxi hoa
Phan &ng ghép ndi 6xi hoa ankin véi aminopyridine dé tong hop imidazopyridin
duoc xdc tac bai Cu(I)/Fe(I1I) (So d6 9) [26] .

10 mol% Cu(OAc),
10 mol% FePO,4.4H,0

R
2 Equiv.PivOH X Ny=

R NH O/ EWG

X2+ Ar———EWG > W\ N/

()

DMF/DMSO, air

130 °C
16 39 40

Sor dé 9. Tong hop imidazopyridin théng qua qua trinh Tandem diroc XUc tac boi
Cu(I)/Fe(I) cua ankin
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R
COOEt

H H
N
~ (OR),  COOEt .ROH ~¢ “\_(OR)  COOEt - N\\\\p
\ __----Cu
/N‘\

N-----"" Cu\\// e \ N--"77 Cu‘\\// e

Ph Ph

PH
41 42 43

OR

N ./
N\ ~
= ~ Cu = /N\CU / 7 Cu
~_N__—~ <~ N ¢ — N\(l\COOEt
COOEt COOEt
Ph
46 45 44

Sor dé 10. Co ché phan 1ing Tandem téng hop imidazopyridin duroc xdc tac bsi
Cu(11)/Fe(I11) cua ankin.

Co ché caa phan tmg nay duoc biéu dién trong so d6 10. Pong tao lién két phoi tir
VGi Nguyén tir nito tao thanh san pham 41, sau d6 kich hoat ndi ba chuyén hda thanh chét
trung gian 44 qua trang thai chuyén tiép 43. Chat trung gian 44 tao ra chat trung gian 45,
sau d6 dugc dxy hoa thanh hop chat Cu (I11) hoat dong khi c6 mit cia oxy khdng khi tao
thanh chat 46, cudi cting khir hda loai bo ciing vai sy hinh thanh phiac Cu (1). Cu (1) bi oxi
hda thanh Cu (11) bai mubi Fe (111) véi sy tao thanh Fe (11). Fe (1) d& dang chuyén doi
thanh Fe (111) khi c6 mat oxy khong khi dé hoan thanh chu trinh xdc téc.
1.1.4. Phdn @ing ghép néi oxi hoa giia 2-aminopyridine va ketone

Céc dan xuat imidazo[1,2-a]-pyridin duoc tong hop tir 2-aminopyridin va keton
nhu mo ta trong So d6 11A [24]. Phan tng duoc x(c tac bang Cu(OAC)2 va mubi kém
duoc st dung lam chét trg x(c tac trong khi c6 mat caa oxy khong khi.

Ung dung phan tmg nay da tong hop thanh cong thubc Zolimidine (diéu tri loét da
day) va vat liéu phat quang dua trén hiéu tng ESPIT (Excited State Intramolecular
Protontranfer — Chuyén dich Proton néi phan tir & trang thai kich thich (So d6 11B, 11C).
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A
Cu(OAc),.H,0 (10 mol%) R1+/j
= (0] 1,10-Phenanthroline (10 mol%) kN SN
R1_K\ | + R? , - >:<
N" NH, R Znl, (10 mol%) R3 k2
DCB, 120 °C, 24h
16 13 47

air
R'=H, Me, CI, Br, |
RZ = Ph, 4-Me, 4-MeOPh, 4-CIPh,
2-OHPh, 4-CF3, 4-CF;COPh, CsHyN,
C4H3S
R3 =H, Me, Ph

Cu(OAc),.H,0 (10 mol%) R+
= 1,10-Phenanthroline (10 mol%) KN AN
R—k | — " |-!
~ NH, Znl, (10 mol%) o

R=H, Me DCB, 120 °C, 24h
air

Exhibit ESIPT

Cu(OAc),.H,0 (10 mol%) @
(\/L 1,10-Phenanthroline (10 mol%) Ny
o] g
N~ NH,

Znl, (10 mol%) —

(o]
o= S o DCB,12(? C, 24h
air
Hs o
Zolimidine S&
o~ \
CH3

Sordo 11. Tong hop céc dan xuat imidazo[1,2-a] -pyridin tr 2-aminopyridin va keton
théng qua chuze ndng héa lién két C—H cua keton aryl
N

NH; o} Ph
B Znl
(Y™ W = oY —O T
u(OAc),

10 13-Me 48 49

AcOH
-ACOHT
- AcO" N Ph
Ph AcOH N NP - [N
e e

N
\CuH 7 \'

AcOCu
53 OAc 51

50
l\.C() 0, + ACOH
“'7&
= /N Hzo
CN(J_Ph cu(ln)
A

So do 12. Cor ché cuia phan g tong hop cac dan xudt tir 2-aminopyridin va keton théng

qua chuze ndng héa lién két C-H cua keton aryl.
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Co ché phan (ng c6 thé xay ra duoc trinh bay trong So d6 12. Ban dau, imine 48
duoc tao thanh do phan tng caa aminopyridine va acetophenone, sau khi tautomer hoa
thanh enamine 49 va phan tng véi Cu(OAc), dé tao thanh trung gian 50, sau d6 tach loai
proton hinh thanh chat trung gian 51. Chat trung gian 51 [Cu (II)] duoc oxi hda thanh chat
trung gian 52 phac [Cu (111)] hoat dong. Chat 52 tao ra san pham 19 théng qua qua trinh
khtr vai Cu (1) qué trinh oxy héa béi oxy khong khi dé hoan thanh chu trinh xdc tac.
1.2. Tong quan vé hgp chat carbazole

Carbazole 1a mét hydrocacbon thom da vong bao gdbm hai vong benzen & hai bén
caa mot vong pyrrole. Hop chét carbazole alkaloid c6 trong ty nhién (hinh 2) da duoc
Chakraborty va cong su chiét tach tir 14 cua cdy Murraya koenigii Spreng, cac hop chat da
duoc khao sat hoat tinh khang sinh [27-29]. Hau hét cac hop chét carbazole alkaloid da
duoc phan lap tir thuc vat bac cao tir cac chi Murraya, Glycosmis, va Clausena thuoc ho
Rutaceae [30].

a3 o

9H-carbazole Murrayanine (R = CHO) Mukonal (R = CHO)
Murrayafoline A (R = Me) Mukonidine (R = COOMe)
Koenoline (R = COOH)
Mukonine (R = COOMe)

CHO
/ O OH
N
: \
Me Me Murrayacine

Heptaphyline
Hinh 2. Cdu trdc cia cac hop chat carbazole alkaloid c6 trong tir nhién

Céc hop chét carbazole s¢ hitu cac dic diém cau tric hap dan va cac hoat tinh sinh
hoc th vi nén nhan duoc su quan tim dic biét cua cong dong khoa hoc. Bén canh céc hop
cht carbazole alkaloid cd trong ty nhién, hang loat cac dan xuat carbazole di duoc tong
hop va c6 hoat tinh hoc 1y tha nhu chéng oxy héa, khang viém, khang virus, khang u,
khang ung thu, chdng co giat, chdng loan than, ciing nhu diéu tri tiéu duong (hinh 2) [31-
32].

Hién nay, cac dan xuat carbazole bao gdbm Ellipticine, Celiptium@, Alecensa@ va

Rydapt@ (hinh 3) d dwoc cip phép luu hanh 1am thudc chdng ung thu & mot s quéc gia.
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Ellipticine, dwoc chiét tich tir 14 ciia cay Ochrosia elliptica (Apocynacae) vao nim 1959
va sau d6 duoc tong hop toan phan, cé thé duoc coi 1a hop chat tiéu biéu dau tién cua I6p
chat carbazole[33]. Mot chat twong tyr ellipticine c6 tén N-methyl-9-hydroxyellipticinium
acetate (Celiptium@) da dugc phat trién, hién van duoc st dung trong diéu tri ung thu va
di can [34]. Alectinib duoc phé duyét 1an dau tién vao nam 2015 bai FDA (M¥) [35] va
Co quan Duoc pham Chau Au (EMA) [36] dung dé diéu tri ung thu phdi khéng phai té
bao nho (NSCLC) va bénh kinase u lympho khong san sinh (ALK) [37]. Nam 2017, FDA
va EMA d3 cho phép midostaurin (CGP41251, PKC412, Rydapt@) (Novartis) (Hinh 3),
mét chat i ché tyrosine kinase 3 (FLT3) sir dung dé diéu tri bénh bach cau dong tay cap
tinh (AML) va bénh ting sinh té bao mastocytosis (SM) [38-39].

CH3 o
Ac

Ellipticine Celiptium

(@]
Oy
P
H;C CHs;
N/\

alectinib (Alecensa) midostaurin (Rydapt)

Hinh 3. Mgt sé hop chdt carbazole tiéu biéu da dwoc sir dung 1am thuoc chéng ung thie
Do ¢6 hoat tinh va cau trdc ly thi nén 16p chét nay duoc rat nhiéu nha khoa hoc quan
tam nghién ctu va phat trién cac phuong phap tong hop. Hién nay c6 nhiéu phuong phap
dé tong hop cac dan xuat carbazole.
1.2.1. Phwong phdp tong hep Fischer — Borsche
Pay la phuong phép truyén thong dé tong hop cac hop chét carbazole. Hau hét cac
hop chét carbazole alkaloid duoc tong hop theo con duong Fischer — Borsche nhu sau:
Phan tmg ngung tu gitra cyclohexanone 54 véi hydrazine 55 trong dung moi acetic acid
nhan duoc arylhydrazone 56. Sau d6 hydrazone 56 dong vong, tach hydro vai xuc tac Pd/C
hozc chloranil dé tao thanh hop chét carbazole 58 [40-43].
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—> N~
R2 R’ reflux /@i N
R2

R1
54 55
o R
N
chloranll \
or Pd/C C O
R2

58

Sor dé 13. Phirong phdp tong hop Fischer — Borsche
Phan tng dong vong Fischer — Borsche cta hydrazone twong tur nhu phuong phap
Fischer tong hop indole [44]. Pau tién hydrazone 56 chuyén héa thanh chat trung gian 59
dudi tAc dung ctia xtic tic acid. Sau d6, dudi tac dung nhiét xay ra phan @ng chuyén vi 3,3-
sigmatropic tao thanh hop chét diimine 60. Hop chat diimine 60 tham gia phan &ng proton

hoa, dong vong va tach NHz tao thanh tetrahydroindole 62.

v
@ Ok ;
6 59 ;

N
S 60
H
QQ- Q@ @@
NH3 NH2 2

57 62

Sor do 14. Phan g doéng vong Fischer — Borsche cia hydrazone
Tuong tu, mot s6 dan xuat benzo[c]carbazole d duoc tong hop tir cac hop chat 2,2°-
diaminobiaryl ban dau [45] sir dung xc tac I dung dich 0.4 M HCI (ag) trong dung moi
1,4-dioxane (so do 15).



So do 15. Dan xuat benzo[c]carbazole tong hop tir cac hop chdr 2,2 -diaminobiaryl
1.2.2. Phwrong phdp tong hop Graebe — Ullmann
Phwong phap Graebe — Ullmann 13 phuong phép truyén thong don gian dé téng hop
cac hop chat carbazole di tir nguyén lidu dau la N*-phenylbenzene-1,2-diamine. Hop chat
N*-phenylbenzene-1,2-diamine 68 tham gia phan ting diazo héa vai aixit nitric nhan dugc
chét trung gian 1-phenylbenzotriazole 69, sau d6 tach loai nito dudi tac dung nhiét tao
thanh carbazole 58 [46-48].

NH, N
©:NH HNO, ©:© neat, /\

68 58

Iz

Sor do 16. Phirong phdp Graebe —Ullmann

Cac phuong phap tong hop carbazole truyén thong (Fischer — Borsche, Graebe —
Ullmann) thong thuong xay ra & cac diéu kién phan tng phic tap va bi gioi han pham vi
tng dung d6i véi nhiéu nhém chac khac nhau[40-48]. Bén canh d6, han ché cua cac
phuong phép tong hop truyén thong nay 1a sir dung cac tac nhan c6 doc tinh cao, gay ung
thu. Chinh vi vy, viéc tim kiém cac phuong phap méi dé tong hop carbazole van dang
duoc cac nha khoa hoc quan tdm nghién ctru. Cac phuong phap tong hop carbazole hién
nay chu yéu dua trén sy hinh thanh cac lién két méi C-C, C-N hoic kich hoat lién két C-
H (C-H insertion).
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1.2.3. Tong hep carbazole si¢ dung xtc tac Pd

Phan g déng vong loai hydro cua cac hop chit N,N-diarylamine duoc xem la
phuong phap hiéu qua nhat dé tong hop cac dan xuét carbazole. Sy hinh thanh lién két C-
C véi su xuc tac cua Pd, dac biét 1a phan tng Heck (aryl hoa hoac vinyl héa anken va
alkyne), da thu hiit sy quan tim dang ké cua cac nha hda hoc hitu co tong hop cac hop chat
nay. Mot s cac nhém da ching minh rang cac phan tng ghép néi (coupling reactions) st
dung xtc tac Pd thuc sy hiéu qua dé tong hop khung carbazole [49].

Akermark va cong su da tong hop mot s dan xuat carbazole bang phan tng dong
vong ndi phan ti diphenylamine véi xuc tac PAd(OAC). trong dung mdi axit acetic ¢ nhiét
d6 sbi hoi Iuu [49]. Xuc tac Pd(I1) tin cong vao vong thom tao trung gian arylpalladium
71, sau d6 dong vong dong thoi tach AcOH tao palladacycle 72. Trung gian palladacycle
tham gia phan ing khir va tach loai xdc tac bang 1 chat oxy hoa nhu Cu(OAc)z nhan duoc
san pham carbazole. Phuong phép nay duoc &p dung rong rai dé tong hop nhiéu dan xuat

carbazole khac nhau.

R2
O\ /O o R TS
- /
oxidant, HOAc, A \ 4
I

H
70 73

cu(l) cu(ll)
Pd(ll) | -Pd(0)

L DAc
1 PdL R2

S|t

7 72

Y

So do 17. Co ché phan 1ing téng hop carbazole qua trung gian palladacycle

Han ché cta phuong phap nay do 1a gia thanh ciia xtic tic Pd(II). Do d6, d4 c6 nhiéu
nhém nghién ctru dé xuét thém giai doan khir Pd(0) thanh Pd(11) nham giam lwong Xuc tac
Pd bang cach sir dung cac chat hd tro oxy hoa khac nhau nhu t-BuOK, Sn(OAc)z,
benzoquinone két hop vai khi oxy hozc oxy khong khi.

Phan tng dong vong 2-iododiphenylamine-2-carboxylic acid 74 st dung 2.7% mol

xtc tac Pd(OAc). trong dung méi acetonitrile véi bazo EtsN tao thanh dan xuat carbazole-
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1-carboxylic acid 75 véi hiéu suat 73%. Nhom Carboxylic & day déng vai trd nhém dinh

@EI Q 2.7% PA(OAC),

hudng.

N MeCN, Et;N

COOH  150°C (73%) ' COOH
74

75
Pd(0) - HI
- [Pd(0)]
L. I
Pd -L
L ——
+L N

N 1 Pd  COOH

COOH L = PPh; H
76 77

Sor do 18. Tong hop carbazole bang phdn ing déng vong 2-iododiphenylamine-2-
carboxylic
Nam 2008, Fagnou va cong su da str dung pivalic acid thay cho axit acetic 1am dung
méi cho phan tng tong hop carbazole tir N,N-diarylamine sir dung phan ting oxi hoa kich
hoat lién két C-H véi hiéu suét cao [50].

3- 5 mol- % Pd(OAc),
0.1 eq K2CO3

N 1eq. e
R @ " @_Q Y: NH (110°C, 14 h
Y air (1 atm), PivOH ' ( ' )

N o
110 or 120°C, 14 -48 h N 0 (120°C, 42 - 48 h)

78 79

Sor do 19. Tong hop carbazole theo phwong phdp Fagnou

Larock va cong su di cai tién phuong phap tong hop bang phan tng déng vong 2-
iododiphenylamine-2-carboxylic (so d6 18) va dura ra phuong phap tong hop carbazole B
bang phan &g one-pot Pd-catalyzed cross-coupling gitra iodoaniline va silyl triflate voi
su cO mat cia caesium fluoride [51-52]. Pau tién 1a giai doan hinh thanh trung gian N-
arylated o-iodoaniline A trong diéu kién phan tng ém diu (nhiét do phong), sau d6 dudi
tac dung cua xdc tac Pd(11) trung gian A chuyén héa thanh san pham carbazole B. Trong
s cac xuc tac PA(IT) duoc thir nghiém nhu [PACla(PPhs)z, Pd(PPhs)s, Pd(dba)z], Pd(OAC):,
thi Pd(OAC) cho hiéu suat phan &ng cao nhat 77-85%.
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Phuong phap sir dung ligand hd tro xtc tac Pd thiic ddy qua trinh déng vong, md

rong pham vi tng dung so véi phuong phap truede (phai dung nhdém carboxylic lam dinh

huang).
1. 3.0 eq.CsF
MeCN R!
' T™S R 25°C, 10 h
Cr o+ Ir | Qald™
1 R
NH; TFO R 2. 5% Pd(OAc)g N
80 81a, 81b 0 '
N > 10% PCys H
Y 100 °C, 24h 82
77 - 85%

81a: R' = H; 81b: R' = CH;

3.0 CsF
MeCN 5% Pd(OAC),
25°C,10h 10% PCys,

100 °C, 24h
H
O
| R’
83

Sor do 20. Tong hop carbazole theo phwong phdp Larock
Nhom nghién ctru Ackermann va Althammer da tong hop cac dan xuat carbazole
bang con dudng hoat hoa lién két C-H/N-H sir dung xuc tac Pd trong méi truong base [53-
54]. Theo d6, phan ung one-pot domino gitra aniline va 1,2-dihaloarene xay ra trong dung

moi N-methylpyrrolidinone (NMP) véi sy ¢d mat ctia base KsPOsva ligand PCys.

Cl 5 mol % Pd(OAc), R’ R2
R’ + I}—Rz
NH l}l
H

2 Cl 10 mol & PCy3’ K3PO4, NMP

16 84
73

Sor dé 21. Tong hop carbazole theo phwong phdp Ackermann va Althammer
Phuong phap nay co thé tong hop carbazole ty do va carbazole thé ¢ vi tri N. Phan
g amine hoa va déng vong ndi phan tir cac dan xuat 2-aminobiphenyl tao thanh cac hop
chat carbazole xay ra khi dugc Xc tac boi Pd(OAC)2 Vi su cd mat caa chat oxy hoa
PhI(OAC). trong dung mdi toluene [55]. R4t nhiéu din xuat carbazole chira cac nhom thé
khéc nhau tai vong A va vong C cling nhu tai hguy@n tir nito di duoc tong hop vai hiéu

Suét cao bang phuong phap nay.
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L} Rl
NHR 5 - 10 mol - % Pd(OAc), !
= = 1.2 eq. Phi(OAc
Q—@ 9 Phi(ORo), - @_@ R': Bn, alkyl, allyl
R 7R" toluen, r.t, 1-36 h R _TR"
85 56

Sor do 22. Tong hop carbazole si dung hypervalent lodine
1.2.4. Sir dung xuc tac Cu, Au, Ag
Gan day, nhom tac gia Suzuki C. da str dung hé Ir/Cu(II) dé thay thé Pd(l1) 1am xuc
tac cho phan ting tong hop 9H-carbazole tir 2-aminobiphenyl [56].
4 mol - % [Cp*IrCl,],

R/\/ \ 7 X 0.2 eq. Cu(OAc), R R\\// ( \//R'
— — 2 eq. PivOH, air

N
NH, NMP, 120°C,2-12 h 4
85 73

Sor do 23. Tong hop carbazole si dung hé x(c tac Ir/Cu
Co ché phan tmg duoc dé xuat nhu sau:

air, 2HX

O-0
Cp*er2
H,0O NH,
85a
2 CUX2 H

H2N—Ir\X2
Cp*Ir

HN—Ir_

58 B Cp

Sor do 24. Co ché tong hop carbazole sir dung hé xuc tac Ir/Cu
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Phan wng coupling Buchwald-Hartwig gitra biphenyl-2,2’-diyl triflate hoac dan xuat
brom caa né véi cac amine bac 1 dugc xdc tac boi Cu(l) hodc Pd(0) tao thanh cac hop chit

carbazole chtra cac nhom thé khéc nhau [57-58].

A Y
R cat. Pd(0) | = S
N or Cu(l) R-K e ~R
+ HoN-R® - N\ J
2!l o : N
Re— _ R3
86
X = OTf, Br
87

So do 25. Téng hep carbazole bang phdn iing coupling Buchwald-Hartwig

1.3. Tong quan vé cac hep chat carboline.

Carboline, con dugc goi la pyridine indoles, da dugc nghién ciu rong réi véi hoat
tinh sinh hoc Iy thi nhu chéng ung thu, chdng sét rét, khang khuan, dic tinh chéng nim
va chong dong vat nguyén sinh [59-66] , bén canh d6, nhitng cac hop chat nay ciing da
duogc st dung rong rai trong tong hop hitu co [67-70]. Carboline c6 thé duoc chia thanh
bon loai theo c4c vi tri khac nhau ctia nguyén tir nito trén vong pyridin, dugc dat tén 13 o-
carboline (88, Hinh 4), S-carboline (89), y-carboline (90) va d-carboline (91) [71]. Tét ca
bdn loai carboline di dwoc phan 1ap trong cac san pham tu nhién, dic biét 1a S-carboline
va y-carboline [72]. Mic du a-carboline it phd bién hon S-carboline va y-carboline, cac dan
XUt cta né ciing thu hat sy chi ¥ vi kha niang chdng ung thu 16 rét [73-74]. Mot s6 it cac
a-carboline da dugc phan 1ap trong ty nhién, chang han nhu chat wc ché té bao ung thu
grossularine 1 (97a) va 2 (97b) da duoc phat hién trong Streptomyces griseoflavus [75], -
Carboline 12 mét alkaloid ni tiéng va ban dau dugc phan 13p tir hat ciia Peganum harmala
L., duoc str dung dé diéu tri ung thu duong tiéu hda va bénh sét rét [76-77]. Nhiéu hop
chét ty nhién co tac dung chdng ung thu co chira g-carboline, chang han nhu harmane
(92a), harmine (92b), harmol (92c) va callophycin A (93)[60, 78] (hinh 4). y-Carboline,
mot dan xuét cua indole quinoline dugc phan Iap tir Cryptolepis sanguinolenta, da dugc
khém pha véi mot loat céc tic dung sinh hoc, bao gom ca thuée chdng loan than, cac hoat
dong chdng loan nhip tim, chéng tram cam, khang u, khang vi-r(t va khang khuan [79-
82]. Do d6, cac hop chat c6 ngudn gdc tir y-carboline da duoc phat trién trong y té, chang
han nhu diazoline (94), dimebon (95), gevotroline (96), da duoc st dung dé diéu tri bénh

da lidu di tng, azheimer va tm than phan liét [83-84]. 6-Carboline la ciu tric it dwoc
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nghién cttu nhat trong s6 bon loai carboline, trong khi cau trdc ndy 1a mot phan quan trong
caa nhiéu ancaloit tu nhién, dic biét 1 quindoline (98) va cryptolepine (99). Cho dén nay,
chi c6 mot s o-carboline 1a dd dugc phan tach, chang han nhu jusbetonin,
cryptoquindoline va cryptomisrine [85-87]. Tuy nhién, cac dan xuat d-carboline, 5H-
pyridinium [3,2-b] indoles, d duoc chirng minh ¢d tac dung gay doc té bao, khang nguyén
va khéng khuan [88-89].

N N N N
) @[@N % %
89 90 91

88

- Z

COOH
92a (R' = H)
92b (R' = OCHj) 93
92¢ (R' = OH)
H
N

H
N

N ’ ~N 74 \

- Y = =
N N\ NH
MGI

Me

97a (R? = 3-indoly)
97b (R? = 4(OH)-CgH,)

98 99

96

Hinh 4. Cdu trdc cia a-carboline, s-carboline, y-carboline, 6-carboline va cac dan xuat
cua chung.
1.3.1. Cic phwong phdp tong hep cac hep chét a-carboline.

Phdn ung Graebe-Ullmann.

a-Carboline va cac dan xut cua nd cha yéu duoc tong hop dua trén phan wng
Graebe-Ullmann. Kermack va cong su da cai tién phan tng Graebe-Ullmann cho phép
tong hop carbazole trong axit photphoric tai nhiét d6 thip. Khi thay thé benzen bang
pyridin, a-carboline dugc tong hop bang phuong phap Graebe-Ullmann (So d6 26A) [90].
Pun ndng o-phenylenediamine (100) va 2-chloropyridine (101) trong etanol, thu dugc hop
chat mang ndi d6i 102, sau d6 102 bi diazo hoa dé tao ra hop chat diazo 104 qua chat trung
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gian 103. Chat 104 sau d6 chuyén doi thanh 1,2 3-triazole 105. Trong diéu kién axit
polyphosphoric, hop chat 105 dwgc dun néng dé loai bo nito, va tao ra a-carboline (88).
Phan tng caa benzotriazole 106 va 2-chloropyridine trong 10 vi song va khéng c6 dung
mdi duoc sir dung dé tong hop pyridylbenzotriazole 107 (So db 26 B) vai hiéu suit cao

hon va thoi gian ngan hon so véi khong ¢ hd trg vi song [91].

A
NH,
NH, @ E(OH O HCI, NANO,
— or._ o
NH, o N 140°C. 12 EtOH, 0 °C-rt, 3 h, 61%
100 101
_ . -

0]
\
NS
N N
H

+

Ny
L
H NH
| ——

N\
I
N H;PO, —

S " \
N - Y
N 7\ 200 °C, 10 min, N
_ 35% H
104
103 105 88

N, m@ I:[ Me
H4P,07, MW —
j@[ /N—» Me Me \ 4
Me N

180 °C, 10 min,

170°C, 30's, 36% N
Nf ) N
106 107 “— 89

H 729

Sor dé 26. Quy trinh tong hop a-carboline bang phdn i:ng Graebe-Ullmann cdi tién.
Phan ung Diels-Alder:

Phan ung Diels-Alder 13 mét phan tng quan trong dé tong hop a-carboline. Bing
cach sir dung cac dan xuat carbodiimide chua ca diene va dienophile, mot phuong phap
tong hop da duoc thuc hién thong qua chudi cac phan tng lién tiép: cong dong vong va
vong thom hoéa ndi phén tir Diels-Alder. Dung dich toluene cta carbodiimide 108 dugc
dun néng & 160°C dé tao ra chét trung gian 109 (So d6 27). Cudi cliing, qué trinh vong
thom hda oxy hda cua hop chat 109 tiép theo do 1a su chuyén vi 1,3-proton tao thanh
pyridine indoles 110 & dang ran. Trong truedng hop nay, pyridine va vong pyrrole duoc tao
ra d6ng thoi thdng qua phan tng Diels-Alder.
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toluen
—_—

N=C=N—\
_\_Qj%pg2 160 °C, 24 h

108

38% 40%

Sor do 27. Tong hop a-carboline qua phdn ng Diels-Alder
Phan ting Diels-Alder-Alder (IEDDA), str dung azadien di vong thiéu dién tir ciing

da duoc nghién ciu trong qua trinh tong hop a-carboline. Vi du, pyrimidine 2-N-(o-
alkynylanilino) (111) duoc sir dung nhu mot azadien thiéu dién tir, dwoc chuyén doi thanh
hé ba vong 113 thdng qua qué trinh vong héa IEDDA noi phan tir va mat hidro xyanua
(So d6 28) [92].

CO,Et
CO,Et 4 _ CO,Et
/j/ mesﬂylene ,/N Q—Qg
0 " N HCN N
0, -
COzEt 150°C, 1 h, 80% Co,Et Eo 3
11 112 2
L _ 113
CO,Et
NaOH, EtOH \
> N
24 h, 79% H

114

Sor do 28. Tong hop a-carboline qua phdn iing Diels-Alder-Alder (IEDDA) y&u cau
electron nghich dao.
Phurong phdp sir dung xUc tac kim logi chuyén tiép palladium
Do ddc tinh thap, palladium Ia kim loai chuyén tiép duoc str dung nhiéu trong phan
g tong hop hiru co. Phan tmg ghép d6i Suzuki-Miyaura dugce xtc tac boi palladium da

duoc st dung trong tong hop CAc a-carboline. Vi sy c6 mit cua kiém, nhom thé halogen
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115 va céc tac nhan boron hiru co 116 duoc ghép dbi chéo dudi xtic tac palladium dé tao
ra hop chét diaryl 117, hop chat 117 dugc chuyén thanh a-carboline 120 qua chét trung
gian nitrene twong tmg 119 voi hiéu sudt cao bang cach dbt nong azide 118 (So d6 29)
[93].

_Piv _Piv
HN™ " Pd(PPhg),, NaHCO, HN™ i NaNO,, HClyg, 0 °C
g * (HORB > N >
| DME, 100 °C, 42% | ii: NaN3, 0 °C,98%
NH Z ’ ’ NH, P
N N
115 116 117
. Piv
HN,PN HN
dichlorobenzene
® g »
A 68% 4
N3 NG N~ N
L i H
118 119 120

Sor dé 29. Tong hop a-carboline bang phan iimg ghép déi Suzuki-Miyaura.

Ngoai ra, a-carboline duoc tong hop thong qua phan tmg ghép dbi Stille voi xtc tac
palladium [94]. Trong phan mg nay, qua trinh ghép d6i dugc thyc hién giita cac
pyridinium halogenua va cic dan xuét anilin dé tao thanh lién két C-C, sau d6 qua trinh
vong hoéa ndi phan tir ctia cac hop chat bisaryl trung gian da dugc xuc tién boi mot bazo
dé tao ra a-carboline [94]. Nhu trong so d6 30, véi su hién dién ctia chét xuc tac palladium,
anilin 121 va pyridinium halogenua 122 dugc hdi luu trong dioxan dé tao ra chat trung
gian 123 voi hidu suét t6t. Su chuyén héa ctia hop chét biaryl 123 thanh a-carboline 124
khi c6 mat cia NaH, K2COz hoac KH va xuc tac “18-Crown-6" trong Dimethylformamide
(DMF).

A

NHBoc
NHBoc \ Cl Pd° Cul cl NaH, 18-crown-6 (c.
KISnMe | dioxane, 102 °C DMF, 100 °C, 3h, 76% \
2h, 81%

121 122

4

Pd,,(dba)s, DPPF,

B
H
©\ HoN t-BuONa Pd(OAc),, Na,COs5 O N
+ >
| Br toluene, 100 0C ©/ j@ DMF, reflux, 10-67 h, @
Br

17h, 53-90%

88-91
125 126

Sor do 30. Tong hop a-carboline bang phan #ng ghép Stille xc tac véi palladium
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1.3.2. Tong hep céac hep chdt p-carboline
Phdn ung Pictet-Spengler

Phan tmg Pictet-Spengler két hop v6i phan Gng khir hydro 13 phuong phap dugc sir
dung nhiéu nhat dé tong hop S-carboline [95-98], nhiéu ancaloit S-carboline véi hoat tinh
sinh hoc 1y thu da dugc tong hop théng qua phuong phap nay[99]. Nhu trong so d6 31,
este 129 tham gia phan g vong hoa Pictet-Spengler v6i aldehyde dé tao ra tetrahydro--
carboline 130. Sau dé, qua trinh vong thom hoa cta di vong nito dugc thic day boi qua
trinh oxy hoa luu huynh dé tao ra S-carboline 131 & mot hiéu suét tot [100].

H CHg
socl2 CH30HO NH
AN MeOH, 0°C N\ H2804 (cat.), rt, 0
0 N
H 15 min, 88.5% N 6h,47% d

pd

H
130
H  CH
N 3
sulfur flour 7N
—_—
xylen, 0 °C, = o)
12 h, 65% LA

131
Sor do 31. Tong hop S-carboline bang phdn iing Pictet-Spengler
Phan ting vong hda vai xuc tac palladium

Ké tir khi phan ting ghép ndi qua trung gian Suzuki-Miyaura duoc sir dung thanh
cong dé tong hop a-carboline, phuong phap nay sau d6 di duoc nghién ctiu dé tao ra S-
carboline. Nhu dugc trinh bay trong so' d6 32A, phan ung ghép Suzuki-Miyaura di thanh
cong tao hop chat 134, va lién két Cspe-H/N-H cuia 132 sau d6 duogc kich hoat dudi su co
mit cua chét oxi hda Cu(OAc), va chat xuc tac Pd(OAC). dé tao ra S-carboline halogen
hoa (135) [76]. Twong tw, hop chét biphenyl 138 ciing duoc tao ra bai phan tng Suzuki-
Miyagi, sau d6 tham gia dong vong véi anilin thong qua phan tng Buchwald-Hartwig
dudi xc tc cua palladium dé tao ra f-carboline (So d6 32B) [101-102].
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A
cl ol
Me | B(OH), Pd(OAc),, Anhy.
N Pd(OAc),, PPh = |N Cu(OACk 1o =\
+ | —» Me A —_— > Y/
NHTs _N ,
Me Na,CO3, Dioxan DMSO, 120 °C, N
Cl  H,0,95°C, 2h, 65% NHTs 3h, 74% Ts
Me Me
132 133 134 135
B
iline, NaOtBu
Pd(PPh,) aniline, : —
HO.__OH 3)a,
N B B K,CO5 , KOH Pd,(dba);, dppf 4 N
| + B ————» »
s THF, reflux, 24h toluene, 110 °C, N
7h, 92% Ph
136 137 138 139

Sor dé 32. Tong hop S-carboline bang phdn iing ghép déi dwot XUc tac véi palladium.
Phdn ung vong hoa [4+2] vai xuc tac vang

Ms_
R4 R, N-Rs

N
m 3 _ MsiPrauNTf, (5 mol%), AgOAc R =
P + Ry—=-N R SN

Boc Rs 4aMs, DCM, 60 °C, 40h I/ N

\BOC
140 141 142

Sor do 33. Tong hop S-carboline bang phirong phdp vong hda véi xUc tac vang

Trong nhitng nam gan day, sy phat trién nhanh chdng caia cong nghé x(c tac vang
dong thé cung cap mot phuong phap méi dé tong hop a-imino-vang-carbenes, do d6 cac
hop chét di vong co thé duoc tong hop mét cach rat higu qua, cung cap mot phuong phép
mai dé amin hoa céc alkyne [103]. Thong qua phuong phép nay, 3-amino-A-carboline 142
da duoc tong hop thanh cong thdng qua phan tng cong vong [4+2] cua azide 140 Véi
alkynylamine 141 dugc X(c tac boi IPPAUNTT, (So do 33) [104].

1.3.3. Cdc phuwong phdp téng hep y-carboline

Phan tng Graebe-Ullmann

Tuong tu Vai a-carboline, y-carboline c6 thé duoc tong hop bang cach dua trén phan
g Graebe-Ullmann. Cu thé, mot nhém nitro dd duoc gan vao 4-hydroxypyridine (143)
théng qua qué trinh nitrat hda trong hdn hop dung mdi cua axit nitric va oleum dé tao ra
hop chét 144 (So d6 34). Hydroxyl cua 144 duoc thay thé bai mot nguyén ti clo trong hdn
hop dung mdi caa PCls va POCIs dé tao ra 3-nitro-4-chloropyridine (145), sau d6 dugc
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gan 4-methylaniline dé tao thanh hop chat 146. Sau do, hop chat 146 bi khir nhém nitro
thanh amine 147, rdi diazo héa va vong hoa thanh 1,2,3-triazolo [4,5-c]pyridin (148). Cudi
cling, mot phan tir nito dugc giai phong tir triazole 148 béi axit polyphosphoric dé tao ra

y-carboline 149 véi hiéu suat 72% [105].

OH OH Cl

| N, 98% HNO;, 25% oleum N | o NO2 PCls, POCly _ | N0
N/ reflux, 2h, 92% N/ 45-125°C, 6h, 95% N/
143 144 145

H N—< >7M
2 © NO, |, NH; |,
i-PrzEtN - @N@\ Nast4 - \ N
MeCN, reflux, 5h, 82% N H,O-EtOH, reflux, ! \©\
Z Me 3.5h, 92% N~ Me
146 47

1

Me

NaNO,, 6N HCL
g { PPA Ny
N >
0-5°C, 97% | N 220 °C, 5 min, 72%
N__—~ N Me

149

148
Sor do 34. Téng hop y-carboline théng qua phan iing Graebe-Ullmann bién tinh.
Phdan ung Pictet-Spengler
Phan ting Pictet-Spengler ciing duoc sir dung dé tong hop y-carboline. Dan xuat ciia
indole 150 duoc st dung 1am nguyén liéu ban dau, duoc ngung tu vai benzaldehyde voi
xuc tac trimethylchlorosilan dé tao ra tetrahydro-y-carboline 151 (So d6 35). Sau d6, chat

trung gian 151 dugc khir hydro véi xtc tac palladium/carbon (Pd/C) dé tao y-carboline
152 thong qua phan tng Pictet-Spengler véi hiéu suat trong khoang 60% dén 81% [106].

CHO H
H N R H
N TMS-CI Pd/C (Cat.) R
> > 7\
CH,Cl, 0 - 25 °C, NH  xylene, reflux, 140 °C, 2h =N
R 88 h, 23-49% Ph PH
NH,
150 151 152
Hoof
N o]
7\
=N
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Sor dé 35. Tong hop y-carboline théng qua phan iing Pictet-Spengler
Phdn ung Diels-Alder

Phan tng Diels-Alder dugc dé cap trong qué trinh tong hop a-carboline ciing duoc
nghién ctru dé xay dung y-carboline. Nhu dwoc biéu dién trong so d6 36, indole (153) déng
vai trd nhu dienophile phan ng vai dan xuét triazine 154 trong diglyme. Phan ting Diels-

Alder duoc tién hanh dé tao ra y-carboline 155 véi hiéu suét cao dén 89% [107].

COOMe H COOMe
H MeOOC d
= glyme
N N .~ J~ \}~COOMe
/ Ny"‘ 120°C, 16h, 89% =N
COOMe MeOOC
153 154 155

Sor do 36. Tong hop y-carboline théng qua phan ing Diels-Alder.
Phan ing xuc tac bsi kim logi chuyén tiép

Phdn 1eng gdn néi Ullmann dirot XUc tac véi Palladium

Trong phan ung nay, pyridin duoc gan véi xyclohexanone, dugc XUc tac boi
palladium, va mét qua trinh khir noi phan tir dugc thuc hién dé tao ra tetrahydrocarboline,
sau d6 dugc vong thom hoa dudi nhiét do cao dé tao ra y-carboline. Vi dy, dan xuét pyridin
157 két hop véi xyclohexenone 156, tao san pham 158, tiép theo quy trinh dong vong khtr
hoéa dugc tién hanh tao ra tetrahydrocarboline 159 vai hiéu suat trung binh (So do 37).
Trong diéu kién khi tro, hop chat 159 duoc vong thom héa ttrong diphenyl ete & 210°C dé
tao ra y-carboline (90) vai hiéu suat 77% [108-110].

d(dppf)Cl, . CH,ClI,,

Cu, Cul Ha, 10% wt Pd/C
D - [N -
DMSO, 50 °C, 6h, 89% e} _ MeOH, 22 °C,

O2N 16h, 66%
158
—N N
10% Pd/C
‘ \ / -~ \ 7/
o
N Ph,0, 210°C, N
H 40 min, 77% H
159 90

Sor dé 37. Tong hop y-carboline véi xtc tac palladium
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Phdn g qdn Véi xiic tde dong

Nam 2017, Dhiman et al. d4 tong hop cac dan xuét y-carboline bang cach sir dung
2-bromoindole-3-formaldehyde (160) va alkyne véi sy ¢6 mit cua cht xuc tac dong (So
d6 38) [109]. Phan tig nay lién quan dén sy hinh thanh imine (161), tiép theo 1a phan ting
Sonogashira c6 xtc tic dong va hydro amine héa noi phan tir [111]. Thong qua quy trinh
nay, mot loat 3-aryl-y-carboline (162) d dugc tong hop.

CHO NH;, Cul, —NH }@Rz N
Zn(OTf), N O Ry

X /
R | Htr ——— (R | Htr| ———> O )
2N DMSO, 100 °C, Z~N N
Me 16h Me
160 161 162

Sor do 38. Tong hop y-carboline véi xiic tdc dong
Phan umg ngung tu voi xdc tac axit

Trong nhiing ndm gan day, L-proline da tr¢ thanh chat xdc tac hitu co hai chirc ning
(axit-bazo) hiéu qua cho cac chuyén hoa hitu co khac nhau [112]. Bing cach sir dung chét
xUc tac L-proline, tong hop chon loc 1ap thé cac y-carboline qua phan tmg ngung tu cia
methyl 2-(3-formyl-1H-indol-2-yl) acetate voi mot s6 ankyl hoic aryl andehyde [113].
Nhu duoc biéu dién trong so d6 39, dan xuat indole 163 duoc ngung tu voi benzaldehyde
trong dung moi dimethy! sulfoxide véi L-proline lam xuc tac dé tao ra chat trung gian 164,

sau d6 dugc dong vong véi amoni acetate dé tao ra cac dan xuat y-carboline 165.

CHO CHO —N
L-Prolir?eC(Hngol"/) R \_/ R
N\ o= N\ / NH,OAc .
N O DMSO r, 72h, N O DMSO, t, 12-16 h N N
H g N 55-86% H g ” H o
163 164 165

Sor do 39. Tong hop y-carboline qua phan iing ngung tu véi XUc tac axit,

Tir nhitng phan tich chi tiét cac cong trinh cdng bé vé tong hop cac hop chat di vong
thom gidp canh nhu imidazol[1,2-a]pyridin, carbazol va cac hop chat carboline va qua cac
nghién ctiu tong quan maéi nhat vé tong hop céc di vong thom giap canh ndi trén [114-
120], luan an tap trung vao nghién ctiu mot s hé xuc tac kim loai paladi vai cac ligand
hitu co chira phospho khac nhau (bidentate phosphine ligand) ciing nhu nghién ctru hé xic
tac tir kim loai dong san c6, gié ré véi céc ligand hitu co don gian nhu L-proline va mot sb

ligand hiru co khac dé tong hop mot sé hop chat di vong thom giap canh.
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Chwong 2: PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
2.1. Phwong phap nghién cu, hda chat va thiét bj

2.1.1. Phwong phap nghién ciu

Thuc hién cac phan tng tng hop hitu co nhu phan wng: ghép cip C-N, ghép cap
C-N kép... tai Phong Hoa duoc, Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

Tién trinh phan tmg duoc theo ddi bang sac ky ban mong trang sin TLC Silica
gel 60 Fas4 va hién thi dudi anh sang UV & budc song 254 nm va 365 nm.

Céc hop chét duoc tach va tinh ché bang phuong phép sic Ky cot, sir dung cot sic
ky thuy tinh véi chat hip phu 12 silica gel ¢& hat 0,40-0,63 mm.

Phuwrong phdp xdc dinh cau tric: Str dung cac phuong phap phd hong ngoai IR, phd
cong huong tir hat nhan NMR, phd khdi phan giai cao HRMS; Phuong phép nhiéu xa tia
X don tinh thé.

2.1.2. Hoa chdt, dung moi

Tt ca cac hda chat sir dung duoc mua tir Sigma-Aldrich, Aksci va duoc st dung
truc tiép ma khdng can tinh ché thém. Sac ky cot duoc thuc hién vai silica gel (200 mesh,
Merck), sic ky ban mong TLC sir dung tim silica gel Merck 60 F254. Dung mdi chay cot
dung loai tinh khiét, khan déu duoc cat méi trude khi s dung. Cac dung méi khac dugc
tinh ché va 1am kho bang phuong phap tiéu chuan.

2.1.2. Thiét bj

- Pho hdng ngoai (IR)

Ph6 hong ngoai cia cac chat nghién cau duogc ghi trén may quang phd hong
ngoai FT-IR Spectrum Two, hang Perkin Elmer, tai phong Hoéa dugc, Vién Hod hoc,
Vién Han 1am Khoa hoc va Céng nghé Viét Nam, do ¢ dang ép vién véi KBr ran.

- Phé cong huong tir hat nhan (NMR)

Phé 'H NMR (500MHz va 600MHz) va 3C NMR (125MHz va 150 MHz) cua
cac chat nghién ctru duoc do trén may Bruker Avance III véi dung méi CDCl3 va
DMSO-ds vai tetramethylsilane 1a chat noi chuan, tai Trung tim cac phuong phap phd
ung dung, Vién Hoa hoc, Vién Han Iam Khoa hoc va Cong nghé Viét Nam.

- Phé khéi lugng (HRMS)
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Pho khéi thu dugc bang thiét bi Hewlett—Packard HPGC-MS 5890/5972 (EI, 70
eV) bang cach sir dung dau vao GC hoic vai thiét bi MX-1321 (El, 70 eV) bang céch sir
dung dau vao tryc tiép.

- Ph6 X-Ray don tinh thé

Pho X-Ray don tinh thé duoc ghi trén may Bruker D8 Quest tai trudong Pai hoc
Khoa hoc tu nhién, Dai hoc Quéc gia Ha Noi. Tinh thé duoc giit ¢ 100,0 K trong sudt qua
trinh ghi dit liéu. Tinh toan cAu trdc st dung phan mém Olex2, dix liéu tinh thé dugc tinh
toan va tdi wu hoa ciu tric bang phuong phéap Direct Method & ShelXL (2015), st dung
phuong trinh ShelXT (2015)

- Xéac dinh nhiét d6 ndng chay

Nhiét d6 néng chay cua céac chat tong hop duoc do trén may Buchi B-545 tai
phong Héa duoc, Vién Hoa hoc, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.
2.2. Tong hep hé di vong 5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole va 8-
methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole

2.2.1. Tong hgp cac ddn xudt SH-pyrido[2',1':2,3]imidazo[4,5-b/indole dwoc
aryl hoa

Quy trinh téng hop cac din xuat 5H-pyrido[2',1':2,3]imidazo[4,5-b]indole

duoc aryl hoa duoc tién hanh theo so d6 nhu sau:

N @ Pd,bdas, XantPhos x N%i@
N \R NaO?Bu, Tol, 110 °C __

Br Br X /

166 R 167

Sor dé 40. Quy trinh tong hop cac dan xuat 5H-pyrido[2',1':2,3]imidazo[4,5-b]indole

Cho vao binh phan ung 3-bromo-2-(2-bromophenyl)imidazo[1,2-a]pyridine
167 (100 mg, 284 umol, 1 equiv.), Pd2(dba)s (13 mg, 14 umol, 0.05 equiv.), XantPhos
(16 mg, 28 umol, 0.1 equiv.), Cul (5 mg, 28 umol, 0.1 equiv.) va sodium tert-butoxide
(164 mg, 1.7 mmol, 6 equiv.), suc khi argon. Sau d6 thém aniline (40 mg, 0.426
mmol, 1.5 equiv.) va 5 mL toluene khan da dwoc khir khi vao binh phan @ng va khuiy
déu. Hon hop phan tng sau d6 dugc gia nhiét dén 140°C va duy tri trong 12 gio. Sau
khi 1am nguéi, hdn hop phan tng duoc pha lodng véi dichloromethane (20 mL) roi
loc qua tam Celite, rira lai tim Celite ba lan bang dichloromethane (40 mL). Dich loc

dugc ¢o quay thu dugc san pham thd. Tinh ché san pham thd bing ban mong diéu



32
ché silicagel véi hexane/dichloromethane /ethyl acetate (8:1:1, v/v) thu dugc cac hop
chat 5H-pyrido[2',1":2,3]imidazo[4,5-b]indole 167a-h v&i hiéu suat 61 — 76%.

Hop chat 5-phenyl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole (167a)
Chét ran mau vang nhat, 50 mg, 62%; m.p. 168-170°C.

=N IH NMR (500 MHz, Chloroform-d ) ¢ 8,18 — 8,13 (m, 1H),
A N@ 7,77 — 7,70 (m, 2H); 7,68 — 7,61 (m, 2H); 7,58 — 7,55 (m,
N 1H); 7,55 — 7,47 (m, 3H); 7,33 (dd, J = 6,1, 3,1 Hz, 2H); 7,11

@ (dd,J=9,3,6,7,1,4 Hz, 1H); 6,70 (td, J = 6,7, 1,2 Hz, 1H).

13C NMR (126 MHz, Chloroform- d ) § 144,62; 141,03;
135,68; 131,37; 129,02; 128,38; 126,80; 125,53; 122,90; 121,40; 120,90; 120,13; 118
0,72; 117,89; 117,49; 109,90; 109,78.
HR-MS (ESI): tinh toan C19H13N3 [M + H]"284.1188, tim dugc 284.1190.

Hop chat 5-(4-methoxyphenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole (167b)
Chét ran mau vang nhat, 68 mg, 76%; m.p. 216-219°C.
!H NMR (500 MHz, Chloroform- d ) § 8,17 — 8,12 (m,

= _—N
C,Q\/@ 1H); 7,72 (ddt, J = 15,6, 6,9, 1,1 Hz, 2H); 7,50 — 7,43 (m,
N

2H); 7,39 (ddd, J = 5,3, 3,5, 2,7 Hz, 1H); 7,36 — 7,29 (m,

@ 2H); 7,17 — 7,11 (m, 2H); 7,11 — 7,06 (m, 1H); 6,68 (td, J
4 =6,8, 1,1 Hz, 1H); 3,94 (s, 3H).

A 13C NMR (126 MHz, Chloroform- d ) ¢ 159,32; 145,43;
142,44; 131,66; 129,23; 128,20; 123,73; 122,12; 121,87; 120,85; 119,66; 118,57; 118
0,46; 115,17; 110,87; 110,75; 55,69.
HR-MS (ESI): tinh todn C20H1sN3O [M + H] *314.1293, tim thay 314.1305.
Hop chit 5-(4-(methylthio)phenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
(167c)
Chat ran mau vang nhat, 68 mg, 73%; m.p. 236-238°C.
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'H NMR (500 MHz, Cloroform-d ) ¢ 8,16 — 8,11 (m, 1H);
“ N/\g/\/© 7,72 (d, J=7,9 Hz, 2H); 7,45 (g, J = 8,2 Hz, 5H); 7,31 (dt, J
N =5,9, 3,4 Hz, 2H); 7,09 (d, J = 9,5, 6,6 Hz, 1H); 6,68 (t, J =

6,8 Hz, 1H); 2,59 (s, 3H);
13C NMR (126 MHz, Chloroform- d ) § 144,56; 141,05;
137,77; 132,44; 131,23; 128,36; 126,53; 125,94; 122,86;
N 121,28; 120,91; 120,10; 118 0,68, 117,83; 117,45; 109,92;

109,71; 14,75.
HR-MS (ESI): tinh toan CaoHsNsS [M + H]* 330,1065, tim thay 330,1071.

Hop chat 5-(2,4-dimethoxyphenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
(167d)
Chét ran mau vang nhat, 73 mg, 75%; m.p. 217-219°C.
- 'H NMR (500 MHz, Cloroform-d ) ¢ 8,17 — 8,11 (m, 1H);
X N\%\lt@ 7,71 (dt, J=9,2, 1,1 Hz, 1H); 7,60 (dt, J = 6,9, 1,2 Hz, 1H);
7,45 (d, J = 8,5 Hz, 1H); 7,33 — 7,24 (m, 4H); 7,06 (ddd, J =
N 93, 67 1,3 Hz, 1H); 6,73 (d, J = 2,6 Hz, 1H); 6,69 (d, J =
8,5, 2,7 Hz, 1H); 6,63 (td, J = 6,8, 1,2 Hz, 1H); 3,94 (s, 3H);
N\ 3,66 (s, 3H).
13C NMR (126 MHz, Chloroform- d ) § 160,99; 156,49; 145,15; 142,11; 129,93;
123,35; 121,85; 121,60; 120,48; 119,46; 118,51; 118,24; 117 0,95; 110,77; 110,57,
104,89; 100,05; 55,80; 55,74.
HR-MS (ESI): tinh todn C21H17N302 [M + H] * 344,1399, tim thiy 344,1410.

Hop chat 5-(3,4-dimethoxyphenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
(167e)
_ Chét ran mau vang nhat, 71 mg, 73%; m.p. 233-235°C.
“~ N@ IH NMR (500 MHz, Chloroform- d ) 6 8,17 — 8,12 (m, 1H);
N 7,76 —7,70 (m, 2H); 7,42 (dt, J = 8,1, 2,8 Hz, 1H); 7,36 — 7,30
(m, 2H); 7,13 (dd, J = 8,4, 2,4 Hz, 1H); 7,08 (d, J = 8,4 Hz,

2H); 7,02 (d, J = 2,4 Hz, 1H): 6,72 — 6,65 (m, 1H); 4,01 (s, 3H);
oL / 3,89 (s, 3H).
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13C NMR (126 MHz, CDCI 3) & 149,94; 148,97; 145,35; 142,41; 131,55; 129,77;
129,35; 123,79; 122,11; 121,98; 120,91; 119,69; 119. 22; 118,53; 118,42; 111,68;
110,93 110,79; 110,42; 77,27; 77,01; 76,76; 60,35; 56,23.

HR-MS (ESI): tinh toan CaiHi7N3O2 [M + H]* 344,1399, tim thay 344,1400.

Hop chat 5-(3,5-dimethoxyphenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
(167f)
Chét rin mau vang nhat, 68 mg, 70%; m.p. 286-288°C.

i N/\>t© 'H NMR (500 MHz, Cloroform-d ) 6 8,17 — 8,11 (m, 1H); 7,89
N (dt,J=7,0,1,2 Hz, 1H); 7,74 (d, J = 9,3 Hz, 1H); 7,60 — 7,55

(m, 1H); 7,37 — 7,30 (m, 2H); 7,16 — 7,09 (m, 1H); 6,74 (t, J =

\O/Q 6,8 Hz, 1H); 6,68 (d, J = 2,3 Hz, 2H); 6,59 (t, J = 2,2 Hz, 1H);

P 3,85 (s, 6H).
13C NMR (126 MHz, CDCls) 6 161,93; 142,11: 138,37; 124,16; 122,71; 121,36
118,56; 111,26 111,19; 104,88; 100,01; 77,41; 77,16; 76,91; 55,85.
HR-MS (ESI): tinh toan CasHi7N3O2 [M + H]* 344,1399, tim thay 344,1399.

Hop chat 5-(4-butylphenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole (1679)
Chat ran mau vang nhat, 66 mg, 68% ; m.p. 133-135°C.
'H NMR (500 MHz, Chloroform-d ) ¢ 8,17 — 8,12 (m, 1H);
i N/>D 7,77 17,71 (m, 2H); 7,51 — 7,45 (m, 1H); 7,44 (d, J = 1,7 Hz,
N 4H); 7,36 — 7,30 (m, 2H); 7,10 (dd, J = 9,4, 6,6, 1,3 Hz, 1H);
6,70 (td, J=6,8, 1,0 Hz, 1H); 2,80 - 2,73 (m, 2H); 1,78 — 1,68
(m, 2H); 1,45 (dt, J = 14,7 , 7,4 Hz, 2H); 1,01 (t, J = 7,4 Hz,
3H).
13C NMR (126 MHz, Cloroform- d ) 6 145,56; 142,92; 142,13; 134,11; 132,09;
129,90; 129,58; 126,43; 123,78; 122,41; 121,84; 120,95; 119,66; 118,74; 118,46;
110,87; 110,83; 35,36; 33,56; 22,47; 13,99.
GC- MS (El, 70 eV): m/z (%) = 339 (100), 296 (27), 282 (10), 179 (11), 78 (22).

Hop chat 5-(4-fluorophenyl)-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole (167h)
Chét ran mau vang nhat, 56 mg, 65; m.p. 210-212°C.
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'H NMR (500 MHz, Chloroform-d ) 6 8,17 — 8,12 (m,
1H); 7,74 (dt, J = 9,3, 1,2 Hz, 1H): 7,68 (dt, J = 6,9, 1,2
Hz, 1H): 7,57 — 7,50 (m, 2H): 7,43 — 7,37 (m, 1H); 7,34
(dd,J=8,9,54, --2,1 Hz, 4H); 7,12 (ddd, J =9,3,6,7, 1,3
Hz, 1H); 6,71 (td, J = 6,8, 1,1 Hz, 1H).

13C NMR (126 MHz, Chloroform- d ) § 161,91 (d, J =
248,7 Hz); 142,29, 128,49 (d, J = 8,7 Hz); 124,00; 122,07,

122,02; 121,28; 119,79; 118,61; 117,08 (d , J = 22,9 Hz); 111,10; 110,61.
GC-MS (EI, 70 eV): m/z (%) = 301 (100), 223 (29), 179 (13), 78 (25).

Hop chat 5-(3,4-difluorophenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole (167i)

Chét ran mau vang nhat, 55 mg, 61%:; bi phan hay & nhiét
d6 trén 255°C.

'H NMR (500 MHz, Chloroform-d ) ¢ 8,17 — 8,12 (m,
1H): 7,79 — 7,73 (m, 1H); 7,71 (dt, J = 6,9, 1,2 Hz, 1H):
7,50 — 7,39 (m, 3H): 7,39 — 7,33 (m, 2H); 7,30 (dddd, J =
8,4,4,0, 25, 1,6 Hz, 1H); 7,14 (dd, J = 9,3, 6,7, 1,3 Hz,
1H); 6,76 (td, J = 6,8, 1,2 Hz, 1H).

13C NMR (126 MHz, Chloroform- d ) 6 151,45 (d, J = 109,1 Hz); 145,93; 142,31;
132,93; 124,42; 123,11 — 122,85 (m); 122,37; 122,18; 121,85; 120,07; 119,32;
118,86: 118,73 (d, J = 19,2 Hz): 116,25 (d, J = 18,5 Hz); 111,48 110,69.

GC-MS (ESI, 70 eV): m/z (%) = 399 (100), 309 (5).

2.2.2. Téng hep 8-methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole
Quy trinh téng hop céc dan xuat 8-methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo

[4,5-b]indole dugc tién hanh theo so dd nhu sau:

Br NH,
_ N XantPhos 10 mol%
- [
/@1// . CultOmol% o
Me R NaOtBu, Toluene
|

N
Pd,dbag 5 mol% J /IQ
__ N

110°C, 12 h

Sor do 41. Quy trinh tong hop cac dan xudt 8-methyl-5-aryl-5H-

pyrido[2',1':2,3]imidazo[4,5-b]indole
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Quy trinh chung: Aniline (68 mg, 726 pmol, 3 equiv.) dugc cho vao ong
phan tng chia 7 (100 mg, 242 umol, 1 equiv.), Pdz(dba)3 (11 mg, 12 pumol, 0.05
equiv.), XantPhos (14 mg, 24 umol, 0.1 equiv.), Cul (5 mg, 24 pmol, 0.1 equiv.)
and sodium tert-butoxide (140 mg, 1.4 mmol, 6 equiv.) trong diéu kién argon. Ong
phan tmg dugc backfilled véi argon vai lan. Sau d6, dung kim tién dua dung mai
khan toluene (5 mL) dd duoc loai khi Oxi vao hdn hop phan @ng. Ong phan tng
dugc backfilled vai lan dé dam bao loai bo hoan toan khi oxi. Phan tng duoc tién
hanh ¢ 110°C trong 12 gid. Sau khi phan ung két thic, nhiét do dugc dua vé nhiét
d6 phong, phan ung dugc hoa tan trong dichloromethane (20 mL), loc qua Celite,
riea véi dichloromethane (40 mL x 3). Phan dich loc duoc ¢d quay chan khdng, phan
tach trén cot nhanh silica gel véi hé dung mai rira giai la hexane/dichloromethane/

ethyl acetate, 8:1:1 thu duwoc san pham 169a-f vai hiéu suat tir 52 dén 83%

Hop chat 5-phenyl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole (169a)
Chét ran mau vang (52 mg, 72 %); m.p. 165-167 °C.

AN 'H NMR (500 MHz, Chloroform-d) ¢ 8,15 — 8.10 (m,
Me™ X N%j@ 1H); 7,68 — 7,60 (m, 3H); 7,57 — 7,44 (m, 5H); 7,35 —
7,28 (m, 2H); 6,96 (dd,J=9,4,1,7 Hz, 1H); 2,25 (d, J =

@ 1,2 Hz, 3H)

13C NMR (126 MHz, Chloroform-d) ¢ 144,93; 142,07;
136,79; 132,47; 129,96; 127,74; 126,55; 125,22; 123,72; 121,08; 120,48; 120,02;
119,60; 119,07; 117,81; 110,76; 18,45.

Hop chiat  5-(4-methoxyphenyl)-8-methyl-5H-pyrido[2',1':2,3]imidazo[4,5-
blindole (169b)
N Chat ran mau vang (66 mg, 83 %); mp 220-222°C;
N @ 1H NMR (500 MHz, Chloroform-d) & 8,15 — 8,09 (m, 1H):
Me N 7,62 (dd, J=9.5, 1.1 Hz, 1H); 7,49 — 7,43 (m, 3H); 7,40 —
7,35 (m, 1H); 7,30 (dd, J = 6.1, 3.1 Hz, 2H); 7,17 — 7,12
(m, 2H); 6,94 (dd, J = 9.4, 1.8 Hz, 1H); 3,95 (s, 3H); 2,25

(d, J = 1.2 Hz, 3H)
13C NMR (126 MHz, Chloroform-d) § 159,24; 144,73; 142,49; 131,83; 129,40;

MeO
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128,19; 125,14, 123,52; 120,77; 120,40; 119,68; 119,51; 118,76; 117,79; 115,10;
110,70; 55,68; 29,70.

Hop chat 8-methyl-5-(4-(methylthio)phenyl)-5H-pyrido[2',1':2,3]imidazo[4,5-

b]indole (169c)

N Chat rin mau vang (64 mg, 77 %); mp 240- 242°C;

N N® 'H NMR (500 MHz, Chloroform-d) & 8,14 — 8,09 (m, 1H);

N 7,64 (d,J=9.3Hz, 1H); 7,52 — 7,39 (m, 6H); 7,34 7,27 (m,

Q 2H); 6,96 (dd, J = 9.4, 1.7 Hz, 1H); 2,61 (s, 3H); 2,27 (d, J =
d 1.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 141,14; 137,61;

126,49; 125,98; 124,28; 122,70; 120,07; 119,60; 118,85; 118,60; 118,00; 116,83;

109,69; 17,44; 14,78.

Hop chat 5-(4-butylphenyl)-8-methyl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
(169d)
N Chat ran mau vang (63 mg, 73 %); mp 140-147°C.
N Nm IH NMR (500 MHz, Chloroform-d) & 8,11 (dd, J = 6,3,
N 2,9 Hz, 1H); 7,62 (d, J = 7.2 Hz, 1H); 7,49 — 7,42 (m, 3H);

7,41 (s, 4H); 7,32 — 7,26 (m, 2H); 6,50 (dd, J = 7,0, 1.2
Hz, 1H); 2,78 — 2,71 (m, 2H); 2,40 (s, 3H); 1,72 (ddd, J =
7.7,5.4,1.8 Hz, 2H); 1,49 — 1,41 (m, 2H); 1,00 (t, J=7.4
Hz, 3H).

13C NMR (126 MHz, Chloroform-d) ¢ 142,73; 141,78; 134,26; 132,77; 129,85;

126,27; 123,39; 121,66; 120,83; 119,46; 118,93; 116,73; 113,47; 110,82; 35,34;

33,55; 22,46; 21,53; 13,98.

Hop chat 5-(4-fluorophenyl)-8-methyl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
(169e)
Chét ran mau trang (40 mg, 52 %); mp 213-214 °C.
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'H NMR (500 MHz, Chloroform-d) § 8,14 — 8,09 (m,
N 1H): 7,62 (d, J = 9.4 Hz, 1H): 7,54 — 7,47 (m, 2H); 7,42
Me” Nm (s, 1H), 7,40 — 7,36 (m, 1H); 7,36 — 7,28 (m, 4H); 6,95
(dd,J =9.1, 1.7 Hz, 1H): 2,25 (d, J = 1.2 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) § 161,87 (d, J =
F 248.7 Hz); 142,34; 132,87 (d, J = 3.2 Hz); 128,51,

128,44; 125,31; 123,79; 121,20; 120,71, 119,66, 119,64, 119,08; 117,89; 116,99 (d,
J =229 Hz); 110,57, 18,45.

Hop chat 5-(3,5-dimethoxyphenyl)-8-methyl-5H-pyrido[2',1':2,3]imidazo[4,5-
blindole (169f)
Chét ran mau trang (70 mg, 81 %); mp 292- 294 °C.

. Nm 'H NMR (500 MHz, Chloroform-d) ¢ 8,12 — 8,06 (m,
Me N 1H); 7,78 (dd, J = 7.0, 1.0 Hz, 1H); 7,58 — 7,53 (m, 2H);
7,33-7,24 (m, 3H); 6,66 (d, J = 2.2 Hz, 2H); 6,60 — 6,54
\O (m, 2H); 3,84 (s, 6H); 2,41 (d, J = 1.1 Hz, 3H).
/O 13C NMR (126 MHz, Chloroform-d) ¢ 161,78; 146,26;

141,60; 138,37; 133,21; 131,94; 128,92; 123,63; 121,81; 121,09; 119,64; 119,00;
116,81, 113,74; 111,06; 104,58; 99,73; 55,70; 21,54.

2.3. Tong hep céc hep chat 9H-carbazole dwoc aryl, benzyl va alkyl hoa
2.3.1. Tang hop cac hep chdt 9H-carbazole dwoc benzyl va alkyl hoa
Quy trinh tong hop cac hop chat 9H-carbazole duoc benzyl va alkyl hda duoc

tién hanh theo so d6 nhu sau:

Br O H, CuCl/L-proline

+ R-C -NH, > N
Br KOH, DMF L
140 °C, 24 h R

170 171

Sor dé 42. Tong hop 9H-carbazole diroc benzyl va alkyl hoa
Cho vao binh phan tng 2,2'-dibromo-1,1'-biphenyl 170 (40 mg, 0,128 mmol,
1 equiv.), CuCl (1,269 mg, 0,013 mmol, 0.1 equiv.), L-Proline (1,771 mg, 0,015



39
umol, 0,12 equiv.), kali hydroxide (21,58 mg, 0,385 mmol, 3 equiv.), benzylamine
(16,49 mg, 0,154 mmol, 1,2 equiv.) va 0,5 mL DMF khan vao hdn hop va khudy déu.
Hon hop phan tng sau d6 duoc gia nhiét ¢én 140°C va duy tri trong 24 gio. Sau khi
lam ngudi, hdn hop phan tng duoc pha lodng véi dichloromethane (10 mL) réi loc
qua tam Celite, rua lai tim Celite ba lan bang dichloromethane (30 mL). Dich loc
dugc ¢d quay thu dugc san pham thd. Tinh ché san pham thd bing ban mong diéu
ché silicagel véi hexane hoic hexane/ethyl acetate (30:1 — 4:1, v/v) thu dugc céc dan
xuat carbazole 171a-h véi hiéu suat 47 — 94%.
Hop chat 9-benzyl-9H-carbazole (171a)
Chat ran mau trang, 25.7 mg, 74%; m.p. 118-120 °C.
O IH NMR (500 MHz, CDCls) ¢ 8,13 (d, J = 7,8 Hz, 1H), 7,42
. (ddd, J = 8,2, 7,0, 1,2 Hz, 1H), 7,36 (dt, J = 8,1, 0,9 Hz, 1H),
7,28 - 7,21 (m, 2H), 7,16 — 7,13 (m, 1H), 5,52 (s, 1H).
O 13C NMR (126 MHz, CDCls) § 140,71, 137,21, 128,78, 127,45,
126,43, 125,85, 123,06, 120,39, 119,21, 108,90, 77,27, 77,01, 76,76, 46,60.
Hop chat 9-(4-methylbenzyl)-9H-carbazole (171b)
Chat ran mau trang, 32,7 mg, 94%; m.p. 117°C.
O IH NMR (500 MHz, CDCls) 6 8,12 (d, J = 7,8 Hz, 1H), 7,42
(ddd, J=8,1, 6,9, 1,2 Hz, 2H), 7,36 (dt, J = 8,2, 1,0 Hz , 2H),
N 7,26 — 7,19 (m, 2H), 7,07 — 7,00 (m, 3H), 5,48 (s, 2H), 2,28
O (s, 2H).
13C NMR (126 MHz, CDCls) 6 140,71, 137,12, 134,16, 129,43, 126,40, 125,81,
120,36, 119,14, 108,93, 77,27, 77,02, 76,76, 46,38, 31,60, 21.04, 14.11.
Hop chat 9-(4-methoxybenzyl)-9H-carbazole (171c)
O— Chét ran mau trang, 25,8 mg, 70%; m.p. 122-123°C;
'H NMR (500 MHz, cocis) d 8,12 (d, J = 7,8 Hz, 1H), 7,42
O (ddd, J = 8,2, 7,0, 1,2 Hz, 2H), 7,38 (d, J = 8,2 Hz, 1H ),
N 7,27 — 7,21 (m, 5H), 7,08 (d, J = 8,9 Hz, 1H), 6,78 (d, J =
O 8,7 Hz, 2H), 5,46 (s, 2H), 3,74 (s, 3H).
13 C NMR (126 MHz, CDCls) 6 159,91, 146,83, 131,32,
131,08, 113,70, 77,26, 77,01, 76,75, 55,27.
Heop chat 9-(2,4-dimethoxybenzyl)-9H-carbazole (171d)
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Chat ran mau trang, 24,4 mg, 60%; m.p. °C.
O— IHNMR (500 MHz, CDCls) § 8,13 (d, J = 7,8 Hz, 2H), 7,45
O — 7,36 (M, 4H), 7,24 (ddd, J = 7,9, 6,7, 1,4 Hz, 2H), 6,55 —
6,48 ( m, 2H), 6,22 (dd, J = 8,4, 2,4 Hz, 1H), 5,46 (s, 2H),
N /O 3,91 (s, 3H), 3,73 (s, 3H).
O 13C NMR (126 MHz, CDCls) ¢ 160,21, 157,80, 140,86,
127,76, 125,69, 122,95, 120,24, 118,93, 117,56, 109,14, 103,99, 98,49, 77,27 , 77,02,
76,77, 55,38, 55,34, 41,28.
Hop chat 9-(4-fluorobenzyl)-9H-carbazole (171e)
- Chat ran mau trang, 25,5 mg, 72%; m.p. °C.
1H NMR (500 MHz, CDCls) 8,13 (d, J = 7,8 Hz, 1H), 7,43
O (ddd, J=8,3,7,1, 1,2 Hz, 2H), 7,34 (dt, J = 8,3, 0,9 Hz , 2H),
N 7,29 - 7,22 (m, 3H), 7,11 (ddt, J = 8,3, 5,3, 0,8 Hz, 2H), 6,94
O (t, J = 8,7 Hz, 1H), 549 (s, 2H).
13C NMR (126 MHz, CDCls) § 162,38 (d, J = 245,6 Hz),
140,76, 133,11, 128,27 (d, J = 8,1 Hz), 126,13, 123,34, 120,68, 119,57, 115,90 (d, J
= 21,8 Hz), 109,00, 46,17.
Hep chat 9-(3,4-difluorobenzyl)-9H-carbazole (171f)
Chat ran mau trang, 20,9 mg, 55%, m.p. °C.
F “HNMR (500 MHz, CDCl3) 6 8,15 (d, J = 7,8 Hz, 1H),
7,51 (d, J =7,8 Hz, 1H), 7,44 (ddd, J = 8,2, 7,0, 1,2 Hz,
O QF 2H), 7,33 (d, J = 8,1 Hz, 3H), 7,30 — 7,27 (m, 1H), 7,18 (d,
N J=7,8Hz, 1H), 5,57 (s, 2H).
O 13C NMR (126 MHz, CDCl3) 6 139,42 (d, J = 277,9 Hz),
129,62, 129,42, 126,04, 124,46 (q, J = 4,7, 3,8 Hz), 123,28
(dd, J=86,8, 4,2 Hz) ), 123,20, 120,54, 119,56, 108,66, 46,28.
Hep chat 9-(3-(trifluoromethyl)benzyl)-9H-carbazole (171g)
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Chat ran mau trang, 23 mg, 56%; m.p. 90-92°C.
IH NMR (500 MHz, CDCls) 6 8,14 (d, J = 7,7 Hz, 1H),
O pca 744 (ddd, J = 8,3, 7,1, 1,2 Hz, 2H), 7,35 — 7,22 (m, 3H),
zN 7,05 (dt, J = 10,1, 8,2 Hz, 1H), 6,93 (ddd, J = 10,8, 7,4,
O 2,2 Hz, 1H), 5,47 (s, 2H) . 2 C NMR (126 MHz, CDCls)
o 140,40, 134,22 (g, J = 5,0 Hz), 126,03, 122,30 (g, J =
6,2 Hz), 120,55, 119,57, 117,71, 117,57, 115,55, 115,41, 108,62, 45,66.
Hop chat 9- phenethyl-9H-carbazole (171h)
Chéat rin mau trang, 23,3 mg, 67%; m.p. 109-111°C.
'H NMR (500 MHz, CDCls) 6 8,09 (dt, J = 7,8, 1,0 Hz,
O f@ 1H), 7,42 (ddd, J = 8,3, 7,1, 1,2 Hz, 1H), 7,31 (d, J = 8,2
N Hz, 1H), 7,28 — 7,19 (m, 3H), 7,18 — 7,15 (m, 1H), 4,60 —
O 4,27 (m, 1H), 3,45 — 2,87 (m, 1H).
13C NMR (126 MHz, CDCls) & 140,22, 138,76, 129,36,
128,82, 128,69, 126,68, 125,66, 122,96, 120,40, 118,94, 108,56, 77,31, 77,05, 76,80,
44,92, 35,24.
Hop chat 9-(2-(1H-indol-3-yl)etyl)-9H-carbazole (171i)
Chét ran mau trang, 46,8 mg, 47%.
LH NMR (500 MHz, CDCls) § 8,10 (d, J = 7,7 Hz, 1H),

O 7 NP 770 (dd, 3= 7,7, 1,2 Hz, 1H), 7,40 (ddd, J = 8,2, 7,1, 1,2
N Hz, 2H), 7,33 (ddt, J = 16,1, 8,2, 0,9 Hz, 3H), 7,25 — 7,15
O (M, 5H), 4,73 — 4,29 (m, 2H), 3,66 — 2,81 (M, 1H).

13C NMR (126 MHz, CDCls) 6 140,36, 136,33, 125,61,
122,90, 122,23, 122,19, 120,34, 119,64, 118,82, 118,46, 111,32, 108,65, 77,2 9,
77,03, 76,78, 43,81, 24,75.
Hop chat 9- propyl -9H-carbazole (171k)
Chét ran mau trang, 59,7 mg, 89%; m.p. 50°C.

IH NMR (500 MHz, CDCl) 6 8,10 (d, J = 7,7 Hz, 1H),

O 7,58 — 7,31 (m, 4H), 7,32 — 7,12 (m, 2H), 4,27 (t, J = 7,2
Hz, 2H), 1,92 (h, J = 7,4 Hz, 2H), 0,97 (t, J = 7,4 Hz, 3H).
Nf
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13C NMR (126 MHz, CDCI 3) ¢ 140,54, 125,56, 122,83, 120,33, 118,71, 108,70,
77,28, 77,02, 76,77, 44,65, 22,32, 11,82.
Hop chat 9- cyclohexyl-9H-carbazole (1711)

Chéat rin mau tring, 49,6 mg, 62%; m.p. 143-144°C.
O 'H NMR (500 MHz, CDCls) ¢ 8,10 (d, J = 7,7 Hz, 1H), 7,55
N (d, J = 8,3 Hz, 1H), 7,42 (ddd, J = 8,3, 7,0, 1,2 Hz, 1H), 7,26
— 7,15 (m, 1H), 4,49 (it, J = 12,2, 3,9 Hz, 1H), 2,40 (qd, J =
O 13,5, 12,8, 4,2 Hz, 1H), 1,99 (tt, J = 14,0, 2,7 Hz, 2H), 1,85

(dd, J = 13,0, 1,5 Hz, 1H), 1,63 — 1,46 (m, 1H), 1,39 (qt, J = 13,2, 3,5 Hz, 1H).
13C NMR (126 MHz, CDCI 3) ¢ 139,72, 125,26, 123,29, 120,27, 118,49, 77,28,
77,03, 76,78, 55,43, 30,76, 26,55, 25,72.
Hop chat 9-(3-etoxypropyl)-9H-carbazole (171m)
Chét ran mau trang, 44,7 mg, 55%.

O o— 1 NMR (500 MHz, CDCls) 4 8,09 (d, J = 7,8 Hz, 1H),

. f 7.48 7,43 (m, 3H), 7,29 — 7,18 (m, 2H), 4,45 (t, J = 6,5
Hz, 2H), 3,40 (g, J = 7,0 Hz, 2H), 3.30 (t, J = 5,7 Hz,

O 2H), 2,13 (p, J = 6,1 Hz, 2H), 1,25 (t, J = 7,0 Hz, 2H).

13C NMR (126 MHz, CDCls) 140,60, 125,60, 122,85, 120,29, 118,80, 108,75, 77,29,
77,04, 76,78, 66,95, 66,25, 39,56

2.3.2. Tong hep cac hep chdt 9H-carbazole dwoc aryl hba

Quy trinh tong hop cac hop chat 9H-carbazole dugc aryl hoa duogc tién hanh

theo so d0 nhu sau:

e Cul/L-proline O O
Br + R-NH, P > “
Br Cs,CO3 DMSO, N
150 °C, 24 h R

Sor do 43. Tong hop 9H-carbazole diroc aryl hba
Cho vao binh phan ung 2,2'-dibromo-1,1'-biphenyl 170 (100 mg, 0.321 mmol,
1 equiv.), Cul (9.2 mg, 48 umol, 0.15 equiv.), L-Proline (5.53 mg, 48 umol, 0.15
equiv.) and cesium carbonate (313 mg, 0.962 mmol, 3 equiv.), anilin (89,23 mg, 0,962
mmol) va 3 mL DMSO khan vao hdn hop va khuay déu. Hon hop phan tng sau d6

duoc gia nhiét dén 150°C va duy tri trong 24 giod. Sau khi 1am nguoi, hdn hop phan
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tmg duoc pha lodng vai dichloromethane (10 mL) rdi loc qua tim Celite, ria lai tim
Celite ba lan bang dichloromethane (30 mL). Dich loc duoc ¢6 quay thu dugc san
pham thd. Tinh ché san pham thd bang ban mong diéu ché silicagel véi hexane hoac
hexane/ethyl acetate (30:1 — 4:1, v/v) thu dwgc céc hop chat 171n-q véi hiéu suat 40
—57%.
Hop chat 9-phenyl-9H-carbazole (171n)

Chat ran mau trang, 31,2 mg, 40%; m.p. 91-95°C.
O 1H NMR (500 MHz, Chloroform-d) & 8,14 (d, J = 7,8 Hz,
N@ 1H), 7,67 — 7,51 (m, 3H), 7,51 — 7,44 (m, 1H), 7,40 (d, J =
O 3,6 Hz, 2H), 7,32 — 7,22 (m, 3H).

13C NMR (126 MHz, CDCls) § 140,94, 137,76, 129,87,
127,46, 127,18, 125,91, 123,37, 120,29, 119,89, 109,77,
77,27, 77,01, 76,76.
Hop chat 9-(4-methoxyphenyl)-9H-carbazole (1710)
Chét ran mau trang, 46.4 mg, 53%; m.p. 147-149°C.
'H NMR (500 MHz, Chloroform-d) 6 8,13 (d, J = 7,6 Hz,
O 1H), 7,44 (d, J = 8,8 Hz, 1H), 7,42 — 7,35 (m, 2H), 7,33 —
N@o/ 7.30 (m, 2H), 7.28 — 7,22 (m, 2H), 7,10 (d, J = 8,8 Hz,
O 1H), 3,90 (s, 2H). 60%) as a colorless oil; *H NMR (500
MHz, Chloroform-d) ¢ 8,14 (d, J = 7,7 Hz, 1H), 7,49 —
7,43 (m, 2H), 7,42 — 7,37 (m, 5H), 7,29 — 7,24 (m, 3H), 2,80 — 2,69 (m, 2H), 1,78 —
1,65 (m, 2H), 1,45 (dqg, J = 14,7, 7,4 Hz, 2H), 0,99 (t, J = 7,3 Hz, 2H). 3C NMR (126
MHz, CDCls) ¢ 142,36, 141,10, 129,76, 126,96, 125,82, 120,23, 119,70, 109,84,
77,26, 77,01, 76,76, 35,39, 33,60, 22,43, 13,98.
Hop chat 9-(4-butylphenyl)-9H-carbazole (171p)
Chat long khdng mau, 57,6 mg, 60%.
'H NMR (500 MHz, Chloroform-d) 6 8,14 (d, J = 7,7 Hz, 1H), 7,49 — 7,43 (m, 2H),
7,42 —7,37 (m, 5H), 7,29 — 7,24 (m, 3H), 2,80 — 2,69 (m, 2H), 1,78 — 1,65 (m,
2H), 1,45 (dq, J = 14,7, 7,4 Hz, 2H), 0,99 (t, J = 7,3 Hz, 2H).
13C NMR (126 MHz, Chloroform-d) & 142,36, 141,10, 129,76, 126,96, 125,82,
120,23, 119,70, 109,84, 77,26, 77,01, 76,76, 35,39, 33,60, 22,43, 13,98.
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Hop chat 9-(4-fluorophenyl)-9H-carbazole (171q)
Chéat rin mau trang, 47,7 mg, 57%; m.p. 123-125°C.

O IH NMR (500 MHz, Chloroform-d) ¢ 8,13 (dt, J = 7,8, 1,0
N _ Hz/1H), 753745 (m, 1H), 7,39 (ddd, ) = 8.3, 7.1, 1.2 Hz
O <:> 1H), 7,33 — 7,25 (m, 3H).

13C NMR (126 MHz, Chloroform-d) ¢ 161,70 (d, J = 247,5
Hz), 141,12, 133,71 (d, J = 3,0 Hz), 129,07 (d, J = 8,5 Hz), 126,05, 123,36, 120,38,
120,05, 116,87 (d, J = 22,8 Hz), 109,55.
2.3.3. Tang hop hep chat bis-carbazole
Quy trinh tong hop cac hop chat bis-carbazole dwgc tién hanh theo so d6 nhu

Sau.

CuCl/L-proline Q
Br (20 mol%)
N
O O 140 °C, DMF, 24 h O
171q, 45 %
H,N

Sor do 44. Tong hop céc hop chat bis-carbazole
Cho vao binh phan tng 2,2'-dibromo-1,1'-biphenyl 170 (400 mg, 1.282 mmol,

3 equiv.), Cul (16.3 mg, 85 pmol, 0.2 equiv.), L-Proline (9.8 mg, 85 umol, 0.2 equiv.)
va cesium carbonate (835 mg, 2.56 mmol, 6 equiv.), benzidine (79 mg, 0.427 mmol,
1 equiv.) va 3 mL DMSO khan vao hdn hop va khuay déu. Hon hop phan tng sau d6
duoc gia nhiét dén 150°C va duy tri trong 24 gio. Sau khi 1am ngudi, hdn hop phan
g duoc pha lodng vai dichloromethane (10 mL) roi loc qua tim Celite, ria lai tim
Celite ba lan bang dichloromethane (30 mL). Dich loc duoc ¢6 quay thu dugc san
pham thd. Tinh ché san pham thd bang ban mong diéu ché silicagel voi hexane hoic
hexane/ethyl acetate (30:1 — 4:1, v/v) thu dugc hop chét 4,4'-di(9H-carbazol-9-yl)-
1,1'-biphenyl (171q) véi hiéu suat 32% (66mg); m.p. 276-280°C.

NN -
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'H NMR (500 MHz, Chloroform-d) ¢ 8,19 (d, J = 7,7 Hz, 4H), 7,95 — 7,91 (m, 4H),
7,75—7,70 (M, 4H), 7,53 (d, J = 8,2 Hz, 4H), 7,50 — 7,45 (m, 4H), 7,34 (ddd, J = 8,0,
7,0, 1,1 Hz, 4H).
13C NMR (126 MHz, Chloroform-d) ¢ 140,88, 139,33, 137,32, 128,54, 127,53,
126,05, 123,55, 120,40, 120,12, 109,86.
2.4. Tong hep cac dan xuét d-carboline va g-carboline

2.4.2. Tong hep cac ddn xudt p-carboline

Quy trinh téng hop cac dan xuat f-carboline dugc tién hanh qua hai budc nhu
sau:

- Buéc 1: Téng hop 3-bromo-4-(2-bromophenyl)pyridine 174a

PPhs)s, K,CO3 1M, KOH 10%

HO.__OH
Br B Pd( Br
N Br Br >
| + THF, H,0, 70 °C Bra X
z |
N ~
172 173

N
174a

Sor do 45. Tong hop 3-bromo-4-(2-bromophenyl)pyridine

Thém 3,4-dibromopyridine 172 (2 g, 8,44 mmol), axit 2-bromophenyl boronic
173 (1,7 g, 8,44 mmol), Pd(PPhs) (488 mg, 0,422 mmol) vao binh Schlenk 250 mL.
Binh phan tmg duoc nap day khi argon. Bé sung 5 giot KOH (10%) va 35 ml THF
vao hdn hop KoCOs (1M, 25 ml), roi lai thém argon nhiéu lan. Phan mg duoc gia
nhiét dén 70°C va duy tri trong 18 gio. Lam khd dung mdi bang may c¢6 quay chan
khong. Phan cin duoc chiét bang ethyl acetate va nuéc. Phan hitu co dugc lam khan
bang MgSOs4, rdi loc va cb quay loai dung méi thu dugc can mau vang. San pham
duogc tinh ché bang sic ky cot silicagel vai dung méi rira giai hexane/ethyl acetate
(20:1, v/v) thu duoc hop chét 3-bromo-4-(2-bromophenyl)pyridine 174a véi hiéu suat
80% (2,3 g) & dang dau khéng mau.

- Budc 2: Ghép CN kép vai cac dan xuat amine

=
B
o "+ R-NH, > \ N
i
N N
P R
174a 177

Sor do 46. Ghép CN kép véi cac ddn xudt amine dé tong hop ddn xuat S-carboline
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Quy trinh 1: St dung xuc tac Pd

Hop chat 174a (100 mg, 0,32 mmol), benzylamine (103 mg, 0,958 mmol),
Pdz(dba)sz (15 mg, 0,016 mmol), dppf (18 mg, 0,032 mmol) va NaOtBu (184 mg, 1,92
mmol) dugc hoa tan trong toluene (1,5 mL) réi dun néng ¢ 110°C trong 24 gid. Sau
khi 1am nguoi, @6 hdn hop phan tmg vao nudc (50 ml), chiét bang ethyl acetate (3 x
50 ml). Phan hitu co duoc 1am khan bang MgSOs4, rdi loc va c¢d quay loai dung moi
thu dugc cin mau vang. San pham duoc tinh ché bang sic ky cot silicagel véi dung
mdi rira giai hexane/ethyl acetate (5:1, v/v) thu dwgc cac dan xuat S-carboline 175

véi hiéu suat 60-92%.

Quy trinh 2: Sir dung xuc tac Cu

Hop chit 174a (100 mg, 0,32 mmol), benzylamine (103 mg, 0,958 mmol),
déng(l) iodua (12,3 mg, 0,064 mmol), L-proline (11 mg, 0,096 mmol) va K2COs (
132 mg, 0,958 mmol) duoc hoa tan trong DMSO (1,5 mL) rdi dun néng & 120°C
trong 24 gio. Sau khi 1am ngudi, do hdn hop phan ung vao nuéc (50 ml), chiét bang
ethyl acetate (3 x 50 ml). Phan hiru co dugc 1am khd bang MgSOs, r6i loc va co quay
loai dung moéi thu duoc cin mau vang. San pham duoc tinh ché bang sic ky cot
silicagel véi dung mai rira giai hexane/ethyl acetate (5:1, v/v) thu duoc cac dan xuat
B-carboline 175 véi hiéu suat 44-84%.

Hop chat 9-(4-Methoxybenzyl)-9H-pyrido[3,4-b]indol (175a)

Chét rin mau trang. Hiéu suat 87% (theo quy trinh 1), 61%

(theo quy trinh 2).

'H NMR (500 MHz, Chloroform-d) ¢ 8,86 (s, 1H), 8,47 (d, J =

5,2 Hz, 1H), 8,17 (dt, J = 7,9, 1,0 Hz, 1H), 8,00 (dd, J = 5,2, 1,0

Hz, 1H), 7,58 (ddd, J = 8,3, 7,1, 1,2 Hz, 1H), 7,50 — 7,45 (m,

1H), 7,31 (ddd, J = 8,0, 7,1, 0,9 Hz, 1H), 7,13 — 7,07 (m, 2H),
MeG 6,83 — 6,77 (M, 2H), 5,52 (s, 2H), 3,74 (s, 3H).

13C NMR (126 MHz, Chloroform-d) ¢ 159,31, 141,61, 138,56, 131,85, 128,96,

128,76, 128,32, 127,86, 122,00, 121,21, 120,05, 114,71, 114 0,39, 109,83, 55,28,

46,57.
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Hop chat 9-(4-Methylbenzyl)-9H-pyrido[3,4-b]indol (175b)

Me

Chét rdn mau tring. Hiéu suit 85% (theo quy trinh 1), 69% (theo
quy trinh 2).

1IH NMR (500 MHz, Chloroform-d) & 8,85 (s, 1H), 8,47 (d, J =
5,3 Hz, 1H), 8,18 (dt, J = 7,9, 1,1 Hz, 1H), 8,00 (dd, J = 5,2, 1,0
Hz, 1H), 7,58 (ddd, J = 8,4, 7,1, 1,2 Hz, 1H), 7,47 (dt, J = 83,
0,9 Hz, 1H), 7,31 (ddd, J = 8,0, 7,1, 0,9 Hz, 1H), 7,11 — 7,03 (m
| 4H), 5,54 (s, 2H), 2,29 (s, 3H).

13C NMR (126 MHz, Chloroform-d) ¢ 141,62, 138,68, 137,65, 136,68, 133,27,
131,94, 129,62, 128,89, 128,73, 126,50, 121,98, 121,21, 120 0,03, 114,68, 109,83,

46,84, 21,04.

Hop chat 5-benzyl
~ ]
N N

13C NMR

-5H-pyrido[3,2-b]indole (175c)

Chat ran mau tring. Hiéu suat 88% (theo quy trinh 1), 67%
(theo quy trinh 2).
'H NMR (500 MHz, Chloroform-d) & 8,87 (s, 1H), 8,49 (s, 1H),
8,19 (dt, J = 7,8, 1,0 Hz, 1H), 8,01 (d, J = 5,1 Hz, 1H ), 7,58
(ddd, J = 8,3, 7,1, 1,2 Hz, 1H), 7,46 (dt, J = 8,4, 0,9 Hz, 1H),
7,35 7,22 (m, 4H), 7,19 — 7,13 (m, 2H), 5,59 (s, 2H).

(126 MHz, Chloroform-d) ¢ 141,57, 138,96, 136,35, 132,05,

128,97, 128,70, 127,88, 126,49, 121,99, 121,28, 120,07, 109,77, 47,02.

Heop chat 9-(4-Fluorobenzyl)-9H-pyrido[3,4-bJindol (175d)

Chat rin mau tring. Hiéu suat 82% (theo quy trinh 1), 68% (theo
quy trinh 2).

'H NMR (500 MHz, Chloroform-d) 6 8,86 (s, 1H), 8,50 (s, 1H),
8,19 (dt, J = 7,9, 1,0 Hz, 1H), 8,02 (s, 1H), 7,59 (ddd , J = 8,4,
7.1, 1,2 Hz, 1H), 7,44 (dt, J = 8,5, 0,9 Hz, 1H), 7,33 (ddd, J = 8,0,
7.1, 0,9 Hz, 1H), 7,16 — 7,10 (m, 2H), 7,00 — 6,92 (m, 2H), 5,56
(s, 2H).
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13C NMR (126 MHz, Chloroform-d) § 162,37 (d, J = 246,5 Hz), 141,49, 138,80,
132,02 (d, J = 3,1 Hz), 131,68, 128,88, 128,21, 128,15, 122,10, 121,2 9, 120,27,
116,02, 115,85, 109,69.

Hop chat 9-Phenetyl-9H-pyrido[3,4-blindol (175e)

Chat rin mau tring. Hiéu suit 92% (theo quy trinh 1), 70% (theo quy trinh 2).

'H NMR (500 MHz, Chloroform-d) 6 8,72 (s, 1H), 8,43 (d,

J=4,9 Hz, 1H), 8,14 (dt, J = 7,9, 1,0 Hz, 1H), 7,95 (d, J =

5,2 Hz, 1H), 7,56 (ddd, J=8,4,7,1, 1,2 Hz, 1H), 7,39 - 7,33

(m, 1H), 7,32 — 7,23 (m, 2H), 7,25 — 7,20 (m, 1H), 7,23 —

2 7,17 (m, 2H), 7,17 (ddt, J = 7,7, 5,7, 1,6 Hz, 1H), 7,11 —
7,05 (m, 2H), 4,59 (t, J = 7,4 Hz, 2H), 3,15 (t, J = 7,4 Hz,

\ N
N
(

2H).

13C NMR (126 MHz, Chloroform-d) ¢ 141,10, 138,51, 138,15, 131,65, 128,84,
128,74, 128,72, 128,58, 128,47, 126,93, 126,39, 121,96, 121 0,09, 119,78, 109,44,
45,29, 35,45.

HRMS (ESI): tinh toan CioH16N2 ([M+H] *): 273.13862; tim thay: 273.1400.

Hop chat 9-Propyl-9H-pyrido[3,4-b]indole (175f)
Chét ran mau trang. Hiéu suat 90% (theo quy trinh 1), 84%

—~I
\ N (theo quy trinh 2).
N 7" 1H NMR (500 MHz, Chloroform-d) 6 8,91 (s, 1H), 8,46 (d, J
= 5,2 Hz, 1H), 8,16 (dt, J = 7,8, 1,0 Hz, 1H), 8,01 — 7,96 (m ,
H 1H), 7,61 (dd, J = 8,3, 7,1, 1,2 Hz, 1H), 7,49 (d, J = 8,3 Hz,
Me 1H), 7,33 — 7,24 (m, 1H), 4,36 (t, J = 7,2 Hz, 2H), 1,95 (p, J

= 7,3 Hz, 2H), 0,98 (t, J = 7,4 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) ¢ 141,49, 138,10, 131,56, 128,66, 128,54,
121,98, 121,98, 120,99, 119,69, 109,61, 45,03, 22,52, 11,73.

HRMS (ESI): tinh todn C14H1aN2 ([M+H]*): 211.12297; tim thay: 211.1243.

Hop chat 9-Phenyl-9H-pyrido[3,4-b]indol (1759)
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Chat rin mau tring. Hiéu suat 92% (theo quy trinh 1), 44% (theo
X quy trinh 2).
Z N 'H NMR (500 MHz, Chloroform-d) ¢ 8,85 (s, 1H), 8,52 (d, J =

@ 5,3 Hz, 1H), 8,20 (dt, J = 7,9, 1,0 Hz, 1H), 8,03 (dd, J=5,3, 1,1

Hz, 1H), 7,67 — 7,60 (m, 2H), 7,63 — 7,55 (m, 2H), 7,59 — 7,48
(m, 2H), 7,48 (dt, J=8,4, 1,0 Hz , 1H), 7,35 (ddd, J = 8,0, 7,0, 1,1 Hz, 1H).
13C NMR (126 MHz, Chloroform-d) ¢ 141,74, 139,56, 136,76, 132,92, 130,15,
129,14, 128,74, 128,10, 126,86, 121,85, 121,52, 120,71, 114 0,58, 110,60.

Z—

Hop chat 9-(4-Methoxyphenyl)-9H-pyrido[3,4-b]indol (175h)
Chét ran mau trang. Hiéu suat 60% (theo quy trinh 1), 38% (theo quy trinh 2).
'H NMR (500 MHz, Chloroform-d) 6 8,76 (d, J = 1,1 Hz, 1H),
—\ 8,50 (d, J =5,3 Hz, 1H), 8,20 (dt, J = 7,9, 1,0 Hz, 1H), 8.03
\ N (dd, J =5,3, 1,0 Hz, 1H), 7,55 (ddd, J = 8,3, 7,0, 1,2 Hz, 1H),
7,49 — 7,43 (m, 2H), 7,40 (dt, J = 8,4, 0,9 Hz, 1H ), 7,34 (ddd,
J=7971,1,0Hz 1H), 7,16 — 7,10 (m, 2H), 3,93 (s, 3H).
13C NMR (126 MHz, Chloroform-d) § 159,40, 142,36, 138,84,
OMe 137,38, 132,52, 129,14, 129,11, 128,83, 128,30, 121,86,
121,20, 120,57, 115 0,37, 114,64, 110,59, 55,66.
HRMS (ESI): tinh todn C1sH1aN20 ([M+H]*): 275.11789; tim thay: 275.1198.

N

Heop chat 9-cyclopentyl-9H-pyrido[3,4-b]indole (175i)
Chét ran mau trang. Hiéu suat 42% (theo quy trinh 2)
\ N 1H NMR (500 MHz, Chloroform-d) & 8,99 (s, 1H), 8,45
N (s, 1H), 8,16 (dt, J = 7,9, 1,0 Hz, 1H), 8,00 (d, J = 5,1 Hz,
1H), 7,58 (ddd, J = 8,1, 6,8, 1,2 Hz, 1H), 7,57 — 7,52 (m,
1H), 7,32 — 7,24 (m, 1H), 5,19 (p, J = 9,0 Hz, 1H), 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, 137,95, 132,54, 129,18, 128,26,
121,95, 121,38, 119,51, 110,55, 56,23, 29,69, 25,22.

Hop chat 9-(4-butylphenyl)-9H-pyrido[3,4-b]indole (175j)
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Chat ran mau trang. Hiéu suat 31% (theo quy trinh 2)
\ N IHNMR (500 MHz, Chloroform-d) & 8,85 — 8,81 (m, 1H),
N 8,51 (d, J=5,3 Hz, 1H), 8,19 (dt, J = 7,9, 1,0 Hz, 1H), 8,01
(dd, J =5,2, 1,0 Hz, 1H), 7,54 (ddd, J =8,2, 7,0, 1,2 Hz,
1H), 7,49 — 7,39 (m, 5H), 7,33 (ddd, J = 8,0, 7,0, 1,0 Hz,
1H), 2,78 — 2,72 (m, 2H), 1,76 — 1,67 (m, 2H), 1,44 (dt, J
= 14,7, 7,4 Hz, 2H), 0,99 (t, J = 7,4 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) § 143,09, 141,90,
139,37, 134,17, 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.

2.4.1. Téng hep céac ddn xudt o-carboline
Quy trinh tong hop céc dan xuat 5-carboline duoc tién hanh qua hai buéc nhu
sau:

- Buéc 1: Téng hop 3-bromo-2-(2-bromophenyl)pyridine 174b

B HO.__OH

B Pd(PPhs),, KoCO3 1M, KOH 10%
Br Br
N™ + Br »
| THF, H,0, 70 °C Br Ay
i |
=

176 173

174b

Sor dé 47. Tong hop céc hop chat 3-bromo-2-(2-bromophenyl)pyridine

Thém 2,3-dibromopyridine 176 (2 g, 8,44 mmol), axit 2-bromophenyl boronic
173 (1,7 g, 8,44 mmol), Pd(PPhs)s (488 mg, 0,422 mmol) vao binh Schlenk 250 mL.
Binh phan tng duoc nap day khi argon. B6 sung 5 giot KOH (10%) va 35 ml THF
vao hdn hop K2COs (1M, 25 ml), roi lai thém argon nhiéu lan. Phan tmg duoc gia
nhiét dén 70°C va duy tri trong 18 gio. Lam khd dung mdi bang may c¢b quay chan
khong. Phan cin duoc chiét bang ethyl acetate va nuéc. Phan hitu co dugc lam khan
bang MgSOQs, rdi loc va c6 quay loai dung maéi thu dugc cin mau vang. San pham
duogc tinh ché bang sic ky cot silicagel vai dung méi rira giai hexane/ethyl acetate
(20:1, v/v) thu dugc hop chat 3-bromo-2-(2-bromophenyl)pyridine 174b véi hiéu
Suit 85% (2,2 g) & dang dau khéng mau.

- Budc 2: Ghép CN kép vai cac dan xuat amine



o1
Cul (20 mol%)

L-proline (20 mol%) N
B+ R-NH, 0 \
Br N 120 °C, DMSO, 24 h N
P R
174b 177

Sordo 48. Ghép CN kép véi cac dan xudt amine

Hop chét 174b (100 mg, 0,32 mmol), benzylamine (103 mg, 0,958 mmol) 2a
, ddéng(l) iodua (12,3 mg, 0,064 mmol), L-proline (11 mg, 0,096 mmol) va K,COs (
132 mg, 0,958 mmol) duoc hoa tan trong DMSO (1,5 mL) réi dun néng & 120°C
trong 24 gio. Sau khi 1am ngudi, do hdn hop phan ung vao nuéc (50 ml), chiét bang
ethyl acetate (3 x 50 ml). Phan hiru co dugc 1am khd bang MgSOs, ri loc va co quay
loai dung moéi thu duoc can mau vang. San pham duoc tinh ché bang sic ky cot
silicagel véi dung mai rira giai hexane/ethyl acetate (5:1, v/v) thu duoc cac dan xuat

5-carboline 177a-0 véi hiéu suat 60 — 95%.

Hop chat 5-benzyl-5H-pyrido[3,2-b]indole (177a)

N Chét ran mau trang, 74,3 mg, 90%.
(//Z__Q 'H NMR (500 MHz, Chloroform-d ) 6 8,55 (dd, J=4,7, 1,3
N Hz, 1H), 8,43 (dt, J = 7,9, 1,0 Hz, 1H), 7,58 (dd, J = 8,3, 1,3

Hz , 1H), 7,50 (ddd, J = 8,3, 7,1, 1,2 Hz, 1H), 7,41 — 7,35 (m,
1H), 7,32 (ddd, J = 8,1, 7,1, 1,0 Hz , 1H), 7,30 — 7,20 (m ,
4H), 7,11 — 7,06 (m, 2H), 5,45 (s, 2H).

13C NMR (126 MHz, Chloroform-d ) 6 141,96, 141,84, 141,44, 136,52, 134,09,
128,92, 127,94, 127,76, 126,39, 122,20, 121,02, 120,21, 120 0,04, 115,91, 109,24,
46,56.

Hop chat 5-(4-Methylbenzyl)-5 H-pyrido[3,2-bJindole (177b)
Chat ran mau trang, 85 mg, 95%.
'H NMR (500 MHz, Chloroform-d ) 6 8,57 (s, 1H), 8,46 (s,

N

~
= N

1H), 7,65 (s, 1H), 7,56 — 7,50 (m, 1H), 7,42 (d, J = 8,2 Hz ,
1H), 7,35 (d, J = 6,8 Hz, 2H), 7,07 (d, J = 7,9 Hz, 2H), 7,01 (d,
J=7,9 Hz, 2H), 5,47 (s, 2H), 2,29 (s, 3H).
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13C NMR (126 MHz, Chloroform- d ) ¢ 141,44, 137,51, 133,45, 129,57, 127,93,
126,37, 120,19, 109,27, 21,05.

HRMS (ESI): tinh toan CigH1sN2 ([M+H]*): 273.13862; tim thy: 273.1401.

Hop chat 5-(4-Methoxybenzyl)-5H-pyrido[3,2-b]indol (177¢)

Chét rin mau tring, 83 mg, 90%.

'H NMR (500 MHz, Chloroform-d) 6 8,56 (dd, J=4,8,1,3
Hz, 1H), 8,50 (d, J = 7,8 Hz, 1H), 7,69 (dd, J = 8,2, 1,3 Hz,

1H), 7,55 (ddd, J = 8,3, 7,1, 1,2 Hz, 1H), 7,44 (dt, J = 8,4,

0,9 Hz, 1H), 7,38 - 7,32 (m, 2H), 7,09 — 7,03 (m, 2H) , 6,83
— O — 6,77 (m, 2H), 5,47 (s, 2H), 3,75 (s, 3H).

13C NMR (126 MHz, Chloroform- d ) ¢ 159,25, 141,55, 134,24, 128,31, 127,70,

121,46, 120,37, 119,98, 116,63, 114,35, 109,31, 55,28, 46,2 0.

N

~
=N

Hop chat 5-(4-Fluorobenzyl)-5H-pyrido[3,2-b]Jindole (177d)
Chét ran mau trang, 82 mg, 93%.
'H NMR (500 MHz, Cloroform-d ) 6 8,57 (dd, J = 4,7, 1,3 Hz, 1H),
8,44 (dt, J = 7,9, 1,0 Hz, 1H), 7,60 (dd, J = 8,2, 1,3 Hz, 1H),
LN\IQ 7,53 (ddd, J=8,4,7,1, 1,2 Hz, 1H), 7,41 — 7,28 (m, 3H), 7,11 —
| N 7,04 (m, 2H), 6,98 — 6,91 (m, 2H), 5,45 (d, J = 1,1 Hz, 2H).
13C NMR (126 MHz, Chloroform- d ) ¢ 162,28 (d, J = 246,5
Hz), 141,93, 141,88, 141,30, 133,95, 132,19 (d, J = 3,0 Hz),
= 128,06 (d, J = 3,4 Hz), 128,01, 122,19, 121,13, 120,36, 120,07,
115,87 (d, J = 21,8 Hz), 115,86, 109,11, 45,93.
HRMS (ESI): tinh toan C1gH13FN2 ((M+H] *): 277.11355; tim thay: 277.1152.

Heop chat 5-(3,4-Difluorobenzyl)-5H-pyrido[3,2-b]indole (177¢)

N Chat ran mau trang, 75 mg, 80%.
| /\ 'H NMR (500 MHz, Chloroform-d ) ¢ 8,58 (dd, J = 4,7, 1,3 Hz,
N
1H), 8,45 (dd, J=8,1, 1,2 Hz, 1H), 7,60 (dd, J = 8,2, 1,3 Hz, 1H),
F

F 7,54 (ddd, J=8,4,7,1, 1,2 Hz, 1H), 7,39 — 7,30 (m, 3H), 7,06 (dt,
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J=10,0, 8,2 Hz, 1H), 6,91 (ddd, J = 10,7, 7,4, 2,2 Hz, 1H), 6,83 (dddd, J = 8,6, 3,8,
2,3,1,3Hz, 1H), 5,44 (d, J = 1,2 Hz, 2H).
13C NMR (126 MHz, Cloroform- d) § 150,65 (dd, J = 249,9, 13,2 Hz), 149,87 (dd, J
= 248,8, 12,6 Hz), 141,95, 141,87, 141,18, 133,86, 133,52 — 133,41 (m), 128,23,
122,29 (dd, J =6,4, 3,7 Hz ) , 122,17, 121,28, 120,61, 120,16, 117,84 (d, J = 17,6
Hz), 115,82, 115,46 (d, J = 18,0 Hz), 108,97, 45,64.
HRMS (ESI): tinh todn C1gH12F2N2 ([M+H] *): 295.10413; tim thay: 295.1057.

Hop chat 5-(3-(Triflomethyl)benzyl)-5H-pyrido[3,2-b]indol (177f)
Chat ran mau trang, 73 mg, 70%.
'H NMR (500 MHz, Chloroform- d) & 8,59 (s, 1H), 8,46 (d, J
ENIQ =77 Hz, 1H), 7,60 (d, J = 8,3 Hz, 1H), 7,54 (dd, J = 16,5, 8,6
| Z~N Hz, 3H), 7,40 — 7,32 (m, 4H), 7,33 (s, 1H), 7,15 (d, J = 7,8 Hz,
R F 1H), 5,54 (s, 2H ).
13C NMR (126 MHz, Chloroform- d ) ¢ 141,99, 141,28,
137,61, 131,53, 131,27, 131,01, 129,59, 129,51, 128,21,
124,92 (t, J = 272,4 Hz), 124,76 (q, J = 3,6 Hz), 123,23 (g, J = 3,8 Hz), 121,23,
120,60, 115,76, 109,00, 46,25.
HRMS (ESI): tinh todn CigH13FsN2 ([M+H] *): 327.11036; tim thdy: 327.1124.

F

Hop chat 5-Propyl-5H-pyrido[3,2-b]indol (177g)
Chét ran mau trang, 61 mg, 91%.

N 'H NMR (600 MHz, Cloroform-d) ¢ 8,53 (dd, J = 4,6, 1,3 Hz,
| 1H),

N
Z N
8,40 (dt, J = 7,8, 1,0 Hz, 1H), 7,64 (dd, J = 8,3, 1,4 Hz, 1H),
8 7,54 (ddd, J = 8,3, 7,1, 1,3 Hz, 1H), 7,42 (dt, J = 8,2, 0,9 Hz,

1H), 7,34 — 7,27 (m, 2H), 4,21 (t, J = 7,1 Hz, 2H), 1,87 (h, J =

7,3 Hz, 2H), 0,92 (t, J = 7,4 Hz, 3H).

13C NMR (151 MHz, Chloroform-d) ¢ 141,70, 141,37, 141,19, 133,95, 127,63,

121,94, 120,91, 119,80, 119,71, 115,57, 109,05, 44,56, 22,38 , 11,76

HRMS (ESI): tinh todn C1aH14N2 ([M+H] *): 211.12297; tim thdy: 211.1239.
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Hop chat 5-Phenetyl-5H-pyrido[3,2-b]indol (177h)

Chat rin mau tring, 75 mg, 86%.
EN\I@ 1H NMR (500 MHz, Chloroform- d ) 4 8,50 (dd, J = 4,7, 1,3 Hz,
= N 1H), 8,42 (dt, J= 7,8, 1,1 Hz, 1H), 7,54 (ddd, J = 8,3, 7,1, 1,2 Hz
, 1H), 7,44 (d,J = 8,3, 1,3 Hz, 1H), 7,38 (dt, J = 8,3, 0,9 Hz, 1H),
7,32 (ddd, J = 7,9, 7,0, 1,0 Hz, 1H), 7,28 — 7,15 (m, 5H), 7,08 —
7,03 (m, 2H), 4,51 (t, J = 7,2 Hz, 2H), 3,12 (t, J = 7,2 Hz, 2H).
13C NMR (126 MHz, Chloroform- d ) ¢ 141,17, 140,90, 138,37, 133,87, 128,75,
128,71, 127,83, 126,82, 121,87, 121,15, 120,01, 119,74, 115 0,69, 108,91, 44,98,
35,34,
Heop chat 5-Phenyl-5H-pyrido[3,2-b]indol (177i)

Chat ran mau trang, 62 mg, 80%.
ENIQ 'H NMR (500 MHz, Cloroform- d ) ¢ 8,60 (dd, J = 4,6, 1,4 Hz,
Z N 1H),
@ 8,47 (dt,J=7,9,1,0 Hz, 1H), 7,69 (dd, J = 8,3, 1,4 Hz, 1H), 7,61
(tt, J=8,0, 1,9 Hz, 2H), 7,56 — 7,42 (m, 5H), 7,37 (ddd, J = 8,0,

6,9, 1,1 Hz, 1H), 7,31 (dd, J = 8,3, 4,7 Hz, 1H).
13C NMR (126 MHz, Chloroform- d ) & 142,40, 142,16, 141,63, 136,87, 134,41,
130,08, 128,04, 127,86, 126,85, 122,37, 121,00, 120,90, 120 0,20, 116,86, 110,07.

Hop chiat 5-(4-Methoxyphenyl)-5H-pyrido[3,2-b]indol (177j)

Chét ran mau trang, 75 mg, 85%.

| 'H NMR (500 MHz, Chloroform-d ) ¢ 8,59 (dd, J = 4,7, 1,3 Hz,
1H), 8,46 (dt, J =7,8, 1,1 Hz, 1H), 7,62 (dd, J = 8,3, 1,4 Hz, 1H),
7,50 (ddd, J =8,2, 7,0, 1,2 Hz, 1H), 7,43 (d, J = 8,9 Hz, 2H), 7,41

O— —7,33(m, 2H), 7,31 (dd, J = 8,2, 4,7 Hz , 1H), 7,14 — 7,09 (m,

2H), 3,92 (s, 3H).

13C NMR (126 MHz, Chloroform- d ) ¢ 159,19, 142,14, 142,12, 141,92, 134,87,

129,38, 128,33, 127,97, 122,10, 120,93, 120,65, 120,13, 116 0,77, 115,27, 110,01,

55,64.

Hep chat 5-(3,5-Dimethoxyphenyl)-5H-pyrido[3,2-b]indol (177K)



55
Chat ran mau trang, 86 mg, 88%.

s 'H NMR (500 MHz, Chloroform-d ) 6 8,60 (dd, J = 4,7, 1,4 Hz,
Z N 1H), 8,46 (dt, J = 7,8, 1,0 Hz, 1H), 7,77 (dd, J = 8,3, 1,4 Hz,
Q 1H), 7,57 — 7,49 (m, 2H), 7,38 (ddd, J = 7,9, 6,1, 1,9 Hz, 1H),

5 Q 7.33(dd, 1=83, 4,7 Hz, 1H), 6,69 (d , I = 2,3 Hz, 2H), 6,58 (¢,

J=23Hz, 1H), 3,85 (s, 6H).
13C NMR (126 MHz, Chloroform- d ) o 161,87, 142,35, 142,10, 141,47, 138,48,
134,30, 128,08, 122,34, 121,00, 120,91, 120,21, 117,19, 110 0,35, 105,05, 99,90,
55,64.

Hop chat 5-(4-(Methylthio)phenyl)-5H-pyrido[3,2-b]indol (1771)
Chét ran mau trang, 84 mg, 91%.

| = 'H NMR (500 MHz, Chloroform-d) ¢ 8,60 (dd, J=4,7, 1,4 Hz,
1H), 8,46 (dt, J = 7,8, 1,1 Hz, 1H), 7,66 (dd, J = 8,3, 1,3 Hz,
1H), 7,51 (ddd, J = 8,3, 7,1, 1,3 Hz, 1H), 7,50 — 7,44 (m, 1H),
7,47 (s, 1H), 7,48 — 7,40 (m, 3H), 7,37 (ddd, J = 7,9, 7,0, 1,0 Hz,
1H), 7,32 (d, J = 8,3, 4,7 Hz, 1H), 2,58 (s, 3H).
13C NMR (126 MHz, Chloroform- d ) § 142,36, 142,09, 141,68, 138,69, 134,45,
133,71, 128,09, 127,80, 127,29, 122,30, 121,03, 120,93, 120 0,21, 116,83, 110,01,
15,87.
HRMS (ESI): tinh toan C1gH14N2S ([M+H] *): 291.09505; tim thay: 291.0972.

S—

Hop chat 5-(4-Butylphenyl)-5H-pyrido[3,2-bJindol (177m)
N Chét ran mau trang, 88 mg, 92%.
I /\ N IH NMR (500 MHz, Chloroform- d ) ¢ 8,59 (dd, J = 4,7, 1,4 Hz,
1H),
8,46 (dt,J=7,9, 1,0 Hz, 1H), 7,68 (dd, J = 8,3, 1,4 Hz, 1H), 7,50
(ddd, J = 8,2, 6,9, 1,2 Hz, 1H), 7,47 — 7,42 (m, 1H), 7,45 — 7,38
(m, 4H), 7,36 (ddd, J = 7,9, 7,0, 1,1 Hz, 1H), 7,31 (dd , J = 8,3, 4,7 Hz, 1H), 2,77 —
2,71 (m, 2H), 1,76 — 1,66 (m, 2H), 1,44 (dt, J = 14,7, 7,4 Hz, 2H), 0,99 (t, J = 7,4 Hz

J3H).
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13C NMR (126 MHz, Chloroform- d ) o 142,85, 142,20, 142,04, 141,80, 134,57,
134,28, 129,96, 127,95, 126,66, 122,23, 120,94, 120,72, 120 0,12, 116,93, 110,15,
35,38, 33,58, 22,42, 13,97.

HRMS (ESI): tinh todn Cz1HaoN2 ([M+H] *): 301.16993; tim thay: 301.1720.

Hop chit 5-(4-Fluorophenyl)-5H-pyrido[3,2-b]indol (177n)
Chat ran mau trang, 75 mg, 90%.

N IH NMR (500 MHz, Chloroform- d ) ¢ 8,61 (dd, J = 4,6, 1,4
| = Hz, 1H), 8,48 — 8,43 (m, 1H), 7,62 (dd, J = 8,3, 1,3 Hz, 1H),
Z N 7,55 — 7,46 (m, 3H), 7,41 — 7,24 (m, 5H).
F

13C NMR (126 MHz, Chloroform- d ) 6 161,87 (d, J = 248,5

Hz), 142,51, 142,12, 141,79, 134,56, 132,78 (d, J = 3,3 Hz),

128,81 (d, J = 8,6 Hz), 128,15, 122,32, 121,05, 121,01, 120,27,
117,11 (d, J = 22,8 Hz), 116,63, 109,83.

Hop chat 5-(3,4-Difluorophenyl)-5H-pyrido[3,2-b]indol (1770)

Chat ran mau trang, 54 mg, 60%.
CIQ IH NMR (500 MHz, Chloroform- d ) 5 8,63 (dd, J = 4,7, 1,4
Z N Hz, 1H), 8,47 (dt, J = 7,9, 1,1 Hz, 1H), 7,67 (dd, J = 8,3, 1,3
Q Hz, 1H), 7,55 (ddd, J = 8,3, 7,0, 1,3 Hz, 1H), 7,48 — 7,28 (m,
" 6H).

F 13C NMR (126 MHz, Chloroform- d ) & 150,97 (dd, J = 252,1,
13,5 Hz), 149,81 (dd, J = 250,6, 12,5 Hz), 142,70, 142,13, 141,46, 134,27, 133,16
(dd, J = 7,7, 3,7 Hz), 128,43, 123,28 (dd, J = 6,3, 3,6 Hz), 122,39, 121,44, 121,26,
120,41, 118,64 (dd, J = 18,3, 1,1 Hz), 116,69, 116,46 (dd, J = 18,1, 1. 9 Hz ), 109,72.
HRMS (ESI): tinh todn C17H1oF2N2 ([M] *): 281.08848; tim théy: 281.0906.

Hop chat 1,2-bis(5H-pyrido[3,2-b]indol-5-yl)ethane (177r)
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N= Chat ran mau trang, 15%.

\_/ IH NMR (500 MHz, Chloroform-d) o 8,35 — 8,27 (m, 4H),
N 7,47 (ddd, J=8,3, 7,1, 1,2 Hz, 2H), 7,30 (ddd, J=7.9, 7,1,
\\\ 0,9 Hz, 1H), 7,24~ 7,19 (m, 2H), 6,92 (dd, J = 8,2, 4,7 Hz,

N 2H), 6,78 (dd, 1= 8.3, 1,4 Hz, 2H), 4,72 (s, 4H).
/ ﬂ: 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.
Hop chit 4,4'-bis(5H-pyrido[3,2-b]indol-5-yl)-1,1'- biphenyl (1775)

TN\
N —
RWaWa
~°N
S |
Chat ran mau trang, 12%.
IH NMR (500 MHz, Chloroform-d) 6 8,65 (dd, J = 4,7, 1,4 Hz, 2H), 8,53 (d, J=7,8
Hz, 2H), 7,96 — 7,90 (m, 4H), 7,82 (dd, J = 8,3, 1,3 Hz, 2H), 7,73 — 7,67 (m, 4H),
7,61 — 7,54 (m, 4H), 7,46 — 7,35 (m, 4H).
13C NMR (126 MHz, Chloroform-d) ¢ 142,17, 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,
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Chwong 3: KET QUA VA THAO LUAN
3.1. Tong hop hé di vong 5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole va 8-
methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole

Céc dan xuat indole nhu indoloindole (178), benzofuroindole (179), benzothioindole
(180) (hinh 5) duoc xem 1a mot trong nhitng hop chat di vong nito quan trong trong linh
virc tong hop thude [121-124]. Céc hop chat nay thé hién nhiéu hoat tinh sinh hoc nhu
chdng lai ching réi loan hormone sinh duc, chdng ung thu [96-100]. Hon nira, nhitng cau
tr(ic nay ciing co ich trong diéu trj suy tim sung huyét, hen suyén, hoi chiing kich thich nhu
dong rudt va cac bénh vé mach méu ndo [126].

Imidazo[1,2-aJpyridine va cac dan xuét caa chling thé hién nhiéu hoat tinh sinh hoc
quan trong. Nhiing cau triic nay thuong xuat hién trong cac thuéc an than nhu Alpidem,
Saripidem, Necopidem hoac dong thudc Zolpidem duoc st dung dé chita mat ngu va réi
loan chtic nang ndo. Cac hoat tinh quan trong khac thudc kiéu cau tric nay co thé ké dén
nhu khang virus, khang viém, khang khuan, giam dau va ha sét ciing da dugc cong bd.
Ngoai (ing dung trong héa dugc, imidazo[1,2-a]pyridine con dugc cong bd nhiéu tng dung
trong khoa hoc vat liéu do c6 tinh chat phat quang tét véi hiéu suat phat quang huynh
quang cao. Do d6, viéc két hop cau phan imidazo[1,2-a]pyridine va indole dé hinh thanh
cau tric pyrido[2',1':2,3]imidazo[4,5-b]indole (PIDI) hira hen nhiéu tinh chat thi vi ung

dung khdng nhiing trong linh vire dwoc pham ma con trong khoa hoc vat liéu.

178 179 180 181
Hinh 5. Cdu trdc cuia cac hop chat di vong indole

MGt s6 con dudng tong hop PIDI duoc tdm tat nhu ¢ hinh 6. Hop chat PIDI ¢6 thé

duoc tong hop bang phan tng Ugi da thanh phan tir isocyanide kém theo phan tmg dong
vong ndi phan tir Ullman, phan tng amine hoa st dung x(c tac Cu(OTf)2 va chat xdc tac
PIDA, phan tig ghép d6i C-N hai lan sir dung x(ic tac Cul va chat oxy ha AgNOs. Nhém
nghién ciru chiing t6i d& phat trién mot sé phuong phap tong hop cac hop chét di vong nito
(indoloindole, benzothioindole) dya trén phan ung ghép d6i C—C, C-N chon loc st dung

xUc tac Pd. Trong luan &n ndy, ching ti nghién ciu phwong phap tong hop mai sir dung



59
hé xuc tac Pd/Cu dé tong hop cac dan xuat pyrido[2',1":2,3]imidazo[4,5-b]indole (PIDI)
bang phan tng ghép doi C-N hai lan giita 3-bromo-2-(2-bromophenyl)imidazo[1,2-

a]pyridine va cac amine bac mat.

NH ) R
R’ Cul/ligand
Cu(OTf),/TFA

PIDA (oxidant)

|
R
RNH2 [Pd], Cul
Cul/ligand RNH,

I AgNO; (oxidant) Br
=N NN
s N N/
! Br

Hinh 6. Cdc con dwong téng hop PIDI di céng bo va due kién
3.1.1. Tong hep 5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole
Ung dung quy trinh tdng hop chat trung gian 166 d dwoc cong bd bai nhém Kumar
bang cach dong vong hop chat 183 véi 2-aminopyridine, hiéu suat dat 73% [127]. Brom
hoa chon loc vi tri hop chat 184 véi i6t trong pyridine & 50°C thu duoc hop chat trung gian
166 (hiéu suat 95%). Sau do, hop chat 166 phan img dong vong vai cac amine khéac nhau

V6i hé x(c tac Pd-Cu thu duoc san pham mong mudn 167 véi hiéu suét cao (So do 49).
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O O
Br
Br NBS, pTSA Br
>
CH3;CN
182 reflux, 4h 929, 183
NH,
N~ NaHCO3
|| | reflux, 2h
SN _Bs. cHeN | NJ_@
Br Br 40 OC 1h
166 ! Br' 185
95% 3%

Sor do 49. Tong hop chdt trung gian 2-(2-bromophenyl)-3-iodo-6-methylimidazo[1,2-
a]pyridine (7)

\\’// @\P% OO PPh,

P
/" HBF, & PPh,
P(t-Bu)s P(Cy)s BINAP

& @ L

Pth PPh2 PPh, PPh, PPh,
Dppf Dppe Xantphos DpePhos

Hinh 7. Cdu trdc cia mét so phoi ti hai cang

Pé t6i uu héa budc phan wng chia khda ndy, chiing tdi chon phan tng ciia hop chét
166 vai 4-methoxyaniline 1am phan ¢ng mau. Theo téng quan tai liéu, viéc str dung cac
phéi tir hai cang (bidentate ligand) két hop véi nguon Pd cho két qua tot dbi vai phan wng
ghép cap C-N hai lan (phan ting Buchwald-Hartwig). Do d6, chung t6i chi tap trung khao
sat mot s6 phdi tir hai cang cho chuyén héa nay (hinh 7). Biéu kién tiéu chuan cia phan
g Buchwald-Hartwig bao gém hé xuc tac Pd(OAC)2/BINAP (10 mol%/10 mol%) va
bazo NaOtBu trong dung mdi toluene & nhiét do s6i héi Iuu (110°C) trong 12 gio. Hiéu
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sut thu duoc ¢ diéu kién nay kha thap chi 25% (muc 1, Bang 1). Khi két hop x(c tac
Pdy(dba)s véi phdi tir BINAP (ty 1é 5 mol%/ 5 mol%), hiéu suét tong hop ting 1én 41%
(muc 2). Viéc két hop Pdx(dba)s véi cac phdi tir hai cang khac nhau déu khéng mang lai
hiéu qua cho phan wng tong hop hop chat 167b, hiéu suit khdng cao do cd nhiéu san pham
phu ghép cap mot lan. Dya trén cong b ciia nhdm Chauhan st dung xuc tac Cu cho phan
g ghép cip C-N, ching tdi tién hanh khao st hé hai xdc tac Pd/Cu cho phan @ng nay
(muc 3-5). Nhan thiy ring, Cul két hop vai hé xic tac Pdz(dba)s/BINAP 1am ting hiéu
suét 1én dang ké (70%) (muc 5). Tir két qua ndy, ching toi tiép tuc khao sat cac phéi tir hai
cang khac nhau cho hé xc tc Pd/Cu nhu dppe, dppf, DpePhos, Xantphos (muc 6-9). Két
qua cho thay rang XantPhos la phéi tir thich hop nhat cho hiéu suat chuyén hoa dén 84%
(muc 6). Mot s6 phdi tir don cang hay duoc str dung cho kiéu phan tmg nay ciing d duoc
khao sat nhu PCys-HBF4 and P(tBu)s-HBF; chi cho san pham & dang vét (muc 10-11).
MGt s6 bazo va dung méi ciing di duoc khao sat cho thay khong cai thién hiéu suat phan
g (muc 12-17). Nhu vay, diéu kién toi wu dé tong hop hop chat 167b nhu sau: hé xuc
tac Pdz(dba)s/Cul (5 mol% / 10 mol%), phéi tir XantPhos (10 mol%), bazo NaOtBu, dung
moi toluene, 110°C, 12 h. Phan uing tong hop dat hiéu suat 84%.

N
Br NH, 7
N [Pd]/ligand, Cul __N N
e
@\j/ Y + Temp., solvent
Br
166

Base
OMe
186b 167b
OMe
So @6 50. Phan 1ing tong hop PIDI
Bdng 1. Téi wu héa phan vmg téng hop PIDI
Thoi| Nhiét| Hiéu
Thr | . N Dung | .
Xuc tac Phoi ti bong xuc tac| Bazo N gian| d¢ | suat
tw moi
(h) | (C) | (%)
1 |Pd(OAc)| BINAP - NaOtBu | Toluene | 12 | 110 | 25°
2 |Pdx(dba);| BINAP - NaOtBu | Toluene | 12 | 110 | 41°
3 | Pd2(dba)s BINAP Cul NaOtBu | Toluene | 12 | 110 | 70
4 |Pdx(dba)s| BINAP Cu(OAc), | NaOtBu | Toluene | 12 | 110 | 67°
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Cul/1,10-

5 |Pdx(dba);| BINAP NaOtBu | Toluene | 12 | 110 | 6Q°
phenanthroline
6 |Pdz(dba)s| XantPhos Cul NaOtBu | Toluene | 12 | 110 | 84%
7 |Pdx(dba);| DpePhos Cul NaOtBu | Toluene | 12 | 110 | 46
8 |Pdx(dba)s Dppe Cul NaOtBu | Toluene | 12 | 110 -
9 |Pdx(dba)s Dppf Cul NaOtBu | Toluene | 12 | 110 | 25
10 |Pdz(dba)s| PCys-HBF4 Cul NaOtBu | Toluene | 12 | 110 -
11 | Pdz(dba)s | P(tBu)s-HBF4 Cul NaOtBu | Toluene | 12 | 110 -
12 |Pdx(dba)s| XantPhos Cul KOtBu | Toluene | 12 | 110 | 53
13 |Pdz(dba)s| XantPhos Cul CsCOs | Toluene | 12 | 110 | 15
14 |Pdx(dba)s| XantPhos cul NaOtBu _1’4' 12 | 110 | 34
Dioxane

15 |Pdx(dba)s| XantPhos Cul NaOtBu | DMF 12 | 110 | 67
16 |Pdz(dba)s| XantPhos Cul NaOtBu | Toluene | 12 | 130 | 65
17 |Pdz(dba)s| XantPhos Cul NaOtBu | Toluene | 12 | 90 70

Vi két qua t6i wu hoa, ching t6i tién hanh mé rong pham vi ing dung ciia phan tng

bang céch sir dung cac amine khac nhau. San pham déng vong 167a-i thu duoc vai hiéu
suat 1én dén 83% (so do 50). Cac amine chira nhom day dién tir (OMe, SMe, nBu) cho

hiéu suat cao hon so v6i amine chtra nhom hut dién tir (F). CAc ciu tric cua cac chat da

tong hop duoc xac dinh bang cac phuong phap phd NMR, MS.
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N
Pd,dbas 5 mol% -
N Br NH XantPhos 10 mol% @\j /

@4 ) @ Cul 10 mol% = N

+ -
N N - =
Br \R NaOtBu, Toluene @

SO
110°C, 12 h 1672 R

166 186a-i

S0 Cate Ol

167a (62%) 167b (76%) OMe 167¢ (73%)SMe
2 /N -
29 VN aes UEEa®
N N _ N
OMe MeO OMe
167d (75%) OMe 167e (73%) Onie 167f (70%)
N
7
s VNG s VRNG Y
N N
F
F F
1679 (68%) 167h (65%) 167i (61%)

Sor dé 51. So do phan g tong hop céc dan xuat cia 5-aryl-5H-
pyrido[2',1":2,3]imidazo[4,5-b]indole 167

Hop chat 167f 1a tinh thé mau vang nhat, ¢6 nhiét do nong chay 286-288 °C. Trén
phé 'H-NMR cua hop chat 167f xuat hién day du tin hiéu caa 17 proton ¢6 mat trong phan
tir. Tin hiéu singlet v6i cudng dd manh tai do dich chuyén 3,85 ppm dic trung cho proton
cua nhom methoxy. Tin hiéu doublet tai 6,68 ppm véi J = 2,3 Hz déc trung cho hai proton
H-2’ va H-6’, tin hi¢u triplet tai 6,59 ppm véi J = 2,2 Hz déc trung cho proton H-4’ thudc
vong 3,5-methoxyphenyl. Tin hiéu multiplet tai 8,17-8,11 ppm duoc quy két cho proton
H-7. Tin hiéu cta cac proton thom con lai cong hudng trong khoang 7,89-6,74 ppm. Trén
ph6 3C NMR cia hop chat 167f xuat hién day du tin hiéu ctia 21 nguyén tir carbon c6 mat
trong phan ttr. Ngoai ra, trén pho khéi luong HRMS tim thay m/z 344,1399 twong tng cho
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cong thirc cua ion gia phéan tir [M+H]* C21H17N3O2. Nhu vay, 6 thé khang dinh cau tric
caa hop chat 167f ding nhu du kién.
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Hinh 8. Phé *H NMR cuia hop chat 167f
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Hinh 9. Phé 3C NMR cuia hop chat 167f
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Ngoai ra, két qua x4c dinh ciu tric cua hop chat 167f (hinh 10) bang phuong phép
nhiéu xa tia X don tinh thé cho phép khang dinh ciu tric cua cac dan xuat 167a-i ding
nhu du kién.

(%)

(*"’1' & R
® O L p
J e 9o B
X A o ¢
(‘\ w» 3 é}

Hinh 10. Cdu truc cua hop chdt 167f (CCDC number 1874276) xdc dinh bang phwong
phap nhiéu xa tia X don tinh thé

Tur nhitng két qua thuc nghiém & bang 1, chiing t6i nhan ra rang budc phan wng ghép
cap C-N tht nhit ciia hop chat 166 véi cac aniline xay ra ¢ vong imidazo[1,2-a]pyridine
do hiéu tng tao phéi tri Pd v&i nguyén tir nito trong vong nay, san pham phu chwa dong
vong tao thanh nhiéu. Kéo dai thoi gian phan ung dén 24h van khdng cho hiéu suat phan
ing t6t hon. Do d6, ching t6i cho rang, budc phan tmg dong vong ghép cap C-N thir hai
tao san pham cudi sir dung xc tac Pd khong mang lai hiéu suat mong mudn. Bé cai thién
hiéu suat phan tng, Cul duoc dua vao phan tmg nhu dong xuc tic dé xuc tac cho budc
dong vong ghép cap C-N thir hai. Khi c6 su tham gia ctiia dong xuc téc Cu, hiéu suat phan
ung tang 1én ro rét (84%).

Co ché dé xuat phan ung tong hop hop chat PIDI dugc mé ta trong hinh 11. Pau
tién 1a budc cong oxi hda cua xuc tac Pd(0) véi chat dau 166 tao thanh phuc Pd(11) trung
gian A. Phtic trung gian A tham gia phan tmg trao d6i phéi tir véi base NaOtBu tao thanh
phic trung gian B. Phtc trung gian B phan ung vai dan xuat aniline 186 nhan dugc hop
chat phtic trung gian C. Phan &g khir tach loai cia trung gian C tao thanh trung gian 184
va hoan nguyén chat xac tac Pd(0) ban dau cho vong xuc tac Pd tiép theo. Co ché phan
ung ghép cap C-N thir hai twong tu nhu phan (tng Buchwald-Hartwig str dung xuc tac Pd.
Cul 1am xuc tac cho budc dong vong ndi phan tir hidu qua xic tac Pd, tao lién két C-N, cu
thé hop chat 184 tao lién két phdi tri véi xdc tac Cu(l) hinh thanh phic trung gian D. Phan
ung cong oxi hoa noi phan tir phirc D tao thanh phic vong Cu(lll) (trung gian E). Phuc
trung gian E ndy khong bén va d& dang tham gia phan tng tach loai khir tao san pham

dong vong PIDI 167 va hoan nguyén xuc tac Cu(l) cho vong xdc tac tiép theo.
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Hinh 11. Co ché phan ing dé xudt sir dung hé xtc tac Pd-Cu cho phan ing téng hop
PIDI.
3.1.2. Tong hep 8-methyl-5-aryl-5H-pyrido[2',1":2,3]imidazo[4,5-b]indole
Hop chat 2-(2-bromophenyl)-3-iodo-6-methylimidazo[1,2-a]pyridine 188 duoc

N NaOtBu

tong hop theo quy trinh hai budc duoc trinh bay ¢ so dd 52. Hop chat 183 (nhan duoc tir
phan ung gitra 2-bromo-acetophenone 182 va NBS phan tng véi 2-amino-5-picoline tao
thanh hop chat 187, sau d6 déng vong bang phan tng véi I, trong pyridine thu duoc hop
chét 188.
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o) o
Br
Br NBS, pTSA Br
CH3CN
182 reflux, 4h 929, 183
NH,
N~ NaHC03
|| | reflux, 2h
Br
=N
s N/ I2 Pyridine /G\l/\/)_@
| 50 °C 3h
188
97% 3%

Sor do 52. Tong hop chdt trung gian 2-(2-bromophenyl)-3-iodo-6-methylimidazo[1,2-
a]pyridine (7).

Ap dung diéu kien tbi wu tong hop cac dan xuat 5-aryl-5H-
pyrido[2',1':2,3]imidazo[4,5-b]indole 167 (muc 3.3.1), cac dan xuat cia 8-methyl-5-aryl-
5H-pyrido[2',1':2,3]imidazo[4,5-b]indole 169a-f da duoc tong hop theo so dd 53. Cau trlic
cua cac dan xuat 8-methyl-5-aryl-5H-pyrido[2',1':2,3]imidazo[4,5-b]indole 169a-f dugc
xac dinh bang pho NMR va MS.

Br NH, Pd,dbag 5 mol% J /N—Z/—Q
_ N XantPhos 10 mol% — N N
- Cul 10 mol%
N N\/\/\ z > * > Me
Me R NaOtBu, Toluene @

' i 110°C, 12 h

OMe SMe
169a (72%) 169b (83%) 169c¢ (77%)

jatsy FststiNatat

S B W

nBu F
169d (73%) 169e (52%) 169f (81%)

Sor dé 53. So do phan ig téng hop c&c dan xuat cia 8-methyl-5-aryl-5H-
pyrido[2',1":2,3]imidazo[4,5-b]indole.
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Trén ph6 'H-NMR cua hop chat 169d xuit hién tin hiéu doublet tai 2,41 ppm voi
J=1,1 Hz déc trung cho proton nhém methyl. Tin hi¢u singlet véi cuong d6 manh tai 3,84
ppm dac trung cho proton thugc hai nhdm methoxy. Tin hiéu cong huong dudi dang
multiplet tai 8,12-8,06 ppm duoc quy két cho proton H-7. Céc proton con lai cong hudng
trong khoang 7,78-6,54 ppm. Trén phd *C NMR cua hop chat 169d xuét hién day du tin

hiéu cuaa 22 nguyén tur carbon c6 mat trong phan tur.
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Hinh 12. Phé *H NMR cua hop chat 169d



RRE AREFRABBEANGE 4 eq g
8% SELELRREL LR a8 b 4 L2700
22HUNE3'J_2HLEZ.2'./ﬁg FNISSEEE S I W |
2H162-CDCI3-C13CPD 1650
/ /‘N 600
HsC SN | 550
N
500
450
400
F350
€H 300

250

200

r150

r100

r-50

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
145 140 135 130 125 120 115 110 105 100 95 9 8 80 75 70 65 &0 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

Hinh 13. Phé 3C NMR cuza hop chat 169d

3.2. Tong hop céc hep chat 9H-carbazole dwoc aryl, benzyl va alkyl hoa

L6p chat carbazole duoc tim thdy nhiéu trong cac san pham thién nhién va cac hop
chat c6 hoat tinh duoc hoc [30, 128,129]. Carbazole lan dau tién dugc Graebe va Glaser
phan 1ap tir phan anthracene cua nhwa than d4 vao nam 1872 [130]. Nam 1987,
Bhattacharyya lan dau tién cong bd rang carbazole duwoc phan 13p tir ngudn thuc vat,
glycomis pentaphylla [131]. Trong bon thap ky qua, mot sé alkaloid carbazole da duoc
phan 1ap tir nhidu ngudn ty nhién khac nhau [132-133]. Phan I6n cac alkaloid carbazole c6
nguon gdc tir thuc vat bac cao thudc chi Clausena, Murraya va Glycosmis, tat ca déu thuoc
ho Rutaceae [31, 134]. Hon nira, mot s6 lugng dang ké cc carbazole ty nhién da dugc
phét hién c6 hoat tinh sinh hoc, bao gém chdng khdi u, chéng viém, khang histamine,
khéng sinh, chéng HIV, chéng dong kinh, chéng Bénh Alzheimer, huéng tam than, bao
vé than kinh va chirc ning chdng oxy héa [135-136]. Mot sb loai thudc tong hop quan
trong chira khung carbazole nhu Carprofen (thudc chong viém khdng steroid), Carvedilol
(thudc diéu tri suy tim sung huyét) hozc cc tac nhan tiém ning nhu Go-6976, mot chat
chéng HCMV manh [137-139]. Carbazole va c&c din xuat ciia nd con duoc sir dung trong

lam vat liéu phat quang trong cac thiét bi phat sang hitu co [140].
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Murrayafoline A (R= Me) Bismurrayafoline A (R= Me) OMe
Mukonine (R= COOMe) Bismurrayafolinol (R=CH,OH) Murrastifoline A
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Jal

COOEt OMe BCz1 (R= Et, X= CH)
Indocarbazostatin Murrastifoline F CzBbPy (R= 2-pyridinyl, X= N)
Hinh 14. Mgt s¢ hep chdt carbozole tiéu biéu

Dua trén tiém nang g dung ciia cac hop chét carbazole, di co nhiéu phuong phap
dé tong hop 16p chat nay, vi du nhu phan tmg ghép d6i C-N giita 2,2’-dihalobiphenyl va
amine str dung xuc tac palladium [141-142], phan ttng N-aryl hda gitra 2,2’-dihalobiphenyl
va amine bac mét sir dung x(c tac palladium [141-142], phan tng ghép d6i C-N bang xuc
tac dong tir diiode va made bac mot [143-144]. Tuy nhién, han ché ctia phuong phap nay
14 tac nhan diiode dat tién. Vi vay, viéc phat trién cac quy trinh méi dé sir dung tac nhan
dibromide c6 sin trong phan tg ghép d6i C-N duoc XUc tac Cu vai nhiéu loai amine 1a
rat quan trong. Trong ndi dung nay, ching t6i da tién hanh nghién ctu phan (g tong hop
cac dan xuat carbazole dugc X(ic tAc bang Cu tir 2,2'-dibromobiphenyl va amine bac mét.

Phan ung gitra 2,2’-dibromodiphenyl (170) va benzylamine (191a) duoc lua
chon 1am phan &ng miu dé khao sat diéu kién phan ung t6i wu. Diéu kién tiéu chuan
cho phan tmg nay 1a 1,5 dwong lwong hop chat 2,2°-dibromodiphenyl (170), 3 duong
lugng benzylamine (191a), xuc tac Cul 20 mol%, phdi tir 24 mol% ¢ 150 °C. Mot s6
yéu t chinh c6 thé anh huong dén qua trinh tao vong nay bao gom xuc tac, phdi tu,
dung méi va nhiét d6 da duoc kiém tra chi tiét. Khi str dung xtc tac Cul, base K2COs3

va dung méi DMSO (muc 1-6, bang 2), hiéu suét tong hop hop chit carbazole 171a
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dat cao nhat khi str dung phdi tir L-proline (muc 6, bang 2). Tiép theo, két qua sang
loc base cho thay hiéu suat tong hop tang 1én 70% khi st dung Cs2CO3 (muc 7-9). Bé
kiém tra su anh huong cua cac loai xtc tac ddng 18n quéa trinh chuyén hoéa nay, mot
s6 mudi ddng phd bién bao gém CuBr, CuCl, CuClz, Cu(OAc)2, Cu(OTf), di duoc
khao sat (muc 11-14). Trén thyc té, hiéu suat san pham carbazole 171a tang 1én 72%
khi sir dung chat xuc tdc CuCl. Trong sb cac dung mdi bao gdm N-methylpyrrolidone
(NMP), DMEF, toluene, dioxane dugc khao sat ¢ cung diéu kién (muc 15-18), dung
m6i DMF duoc tim thay 1a phi hop nhat cho phan tng nay (muc 16). Dang ngac
nhién la khi thur nghiém vai cac base manh nhue KOH, KOt-Bu (muc 19, 20), hiéu
suat tong hop hop chat 171a dat dén 81% khi sir dung base KOH & 150°C (muc 20)
va 79% & 140°C (muc 21). Cudi cung, khi giam ham lugng CuCl va L-proline xuéng
con 10 mol% va 12 mol% tuong ung, giir nhiét dd phan tng ¢ 140°C, phan tng van
xay ra thuan loi va dat hiéu suat 78% (muc 22). Nhu vay, diéu kién phan &ng téi uu
cho phan tng tong hop hop chét carbazole 171a nhu sau: 20 mol% CuCl, 12 mol%
L-proline, KOH, 140°C, 24 h.

Br
O . HaN—, [Cu] (20 mol%), ligand
Ph > \

Br Base, 150 °C \\
170 191a Solvent, 24 h 171a Ph

Sor dé 54. Phan 1ing tong hop hop chdt carbazole 171a
Bdng 2. Téi wu héa phan 4mg tong hop hop chdt carbazole 171a

STT | Xduc tac Phoi tir Base | Dung mdi | Hiéu suat
(%0)?
1 Cul BINAP K2COs3 DMSO 25
2 Cul Xantphos K2CO3 DMSO 5
3 Cul IPr.HCI K2CO3 DMSO 8
4 Cul 1,10- K2COs3 DMSO 15
phenanthroline
5 Cul bipyridine K2COs3 DMSO 14
6 Cul L-proline K2COs DMSO 30
7 Cul L-proline K3POg4 DMSO 40
8 Cul L-proline KOACc DMSO 14
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9 Cul L-proline Cs2.COs3 DMSO 70
10 CuCl L-proline Cs2COs DMSO 72
11 CuBr L-proline Cs2C0Os3 DMSO 34
12 CuCl> L-proline Cs2C0Os DMSO 45
13 Cu(OAcC)2 L-proline Cs2C0s3 DMSO 52
14 Cu(OTf)2 L-proline Cs2CO0s3 DMSO 40
15 CucCl L-proline Cs2C0Os3 NMP 55
16 CuCl L-proline Cs2COs DMF 74
17 CuCl L-proline Cs2COs | Toluene 56
18 CuCl L-proline Cs2COs3 | Dioxane 48
19 CuCl L-proline KOtBu DMF 51
20 CuCl L-proline KOH DMF 81
21 CuCl L-proline KOH DMF 79P
22 CuCl L-proline KOH DMF 78¢

2191a (1.5 equiv.), Base (3 equiv.), [Cu] (20 mol%), phéi tir (24 mol%), 150 °C, 24 h.
b191a (1.5 equiv.), Base (3 equiv.), [Cu] (20 mol%), phdi tir (24 mol%), 140 °C, 24 h,
¢191a (1.5 equiv.), Base (3 equiv.), [Cu] (10 mol%), phéi tir (12 mol%), 140 °C, 24 h,

Dua trén diéu kién phan ¢ng t6i wu, mudi sdu dan xuat carbazole 171a-q da dugc
tong hop bang phan tng giita 2,2 -dibromodiphenyl (170) va cac amine 171a-q vai hiéu
suat khoang 40-94% . Cac dan chat carbazole 171n-q dugc tong hop hiéu qua hon khi sir
dung xdc tac Cul/ L-proline, Cs,COs trong DMSO (so d6 55).



Ay
O Br CuX/L-proline N

+ R-NH, > ,
base, DMF, 140 °C, 24 h R

170 191a-q 171a-q
G0 (1

K@ KE>\ : OMe MeO : OMe

171a, 74%° 171b, 94%3 171c¢, 70%? 171d, 60%32
N | ’Nj I Nj I N
CF
Tl ﬁF Tj 3 “W)
F F
171e, 72%3 171f, 55%3 1719, 56%° 171h, 67%>2

171i, 67%H 171k, 70%2 1711, 62%?2 171m, 54%>

G0 GO OO
OMe nBu F

171n, 40%® 1710, 53%P 171p, 60%" 171q, 57%"

@140 °C, CuCl/L-proline (10 mol%), KOH, DMF, 24 h.
150 °C, Cul/L proline (15 mol%), Cs,CO3, DMSO, 24 h.

Sor dé 55. Tong hop céc dan xuat 9H-carbazole 171a-q
Céc nhom thé ciia amine ¢6 anh hudng dén hiéu suat tong hop carbazole. Cu thé,
phan ung gitra 2,2’-dibromodiphenyl 170 va cac aliphatic amine (191a-m), cho hiéu suat

khé tét, dic biét ddi véi cac benzylamine chira nhém thé cho dién tir (Me, MeO) hiéu suat
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dat khoang 70-94%. Ddi véi cac benzylamine chira nhém thé hat dién tir, hiéu suat tong
hop chi khoang 50-60%, diéu nay c6 thé Ia do tinh nucleophile yéu caa amine. Phan ng
gitra 170 va céc aliphatic amine khéac 191i-m cho hiéu suat tong hop carbazole 171i-m
khoang 54-70%. Phan (ing gitta 170 va cac dan xuit aniline (191n-g) & diéu kién sir dung
base KOH va 140°C thu dwoc hop chét 3n-q véi hiéu suat rat thap chi khoang 25-40%.
Khi thay d6i diéu kién phan ang thanh 150°C, 15 mol% Cul/L-proline va base Cs,CO3
trong dung mdi DMSO, hiéu suét tong hop cac dan xuat 171n-q duoc cai thién 1&n 40-
60%.

Cau tric cua cac hop chat carbazole 171a-q duoc chirng minh bang cac phuong phap
phé nhu *H NMR, 3C NMR. Trong hinh 13 va hinh 14 chi ra phd *H NMR va *C NMR

cua chat 171a.

2IHUNG_5H125.10.fid
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Hinh 15. Phé 1H NMR cua hop chat 171e



75

22HUNG_5H125.2.fid
SH125-COCI3-C13CPD
e

170 60 150 190 130 120 10 100 50 80 70 0 50 I 30 20 10 0
1 (ppm}

Hinh 16. Phé 3H NMR cua hop chdt 171e

Trén pho 'H-NMR cuia hop chat 171e xuat hién day da tin hiéu cua 14 proton c6 mit
trong phan tir. Tin hiéu singlet véi cudng do manh tai do dich chuyén 5,49 ppm dic trung
cho proton methylene thugc vong benzyl. Tin hiéu doublet-triplet tai 7,34 ppm dac trung
cho hai proton H-2’ va H-6’, tin hiéu doublet-triplet tai 7,11 ppm déac trung cho proton H-
3’ va H-5’ thugc vong benzyl. Tin hiéu cua 8 proton thom con lai cong hudong trong khoang
8,13-6,94 ppm. Trén pho C NMR ciia hop chat 171e xuat hién day du tin hiéu cua 19
nguyén tir carbon cd mat trong phan tir. Nguyeén tir carbon C4” lién két truc tiép véi nguyén
tr fluoro cong huong dudi dang doublet tai 162,38 ppm vai J = 245,6 Hz. Tin hiéu doublet
cong hudng tai 128,27 ppm vaéi J = 8,1 Hz dac trung cho C-2’ va C-6’. Tin hiéu doublet
cong huong tai 115,90 ppm véi J = 21,8 Hz dac trung cho C-3’ va C-5". Nguyén tir carbon
CH2 thugc vong benzyl cong hudng tai 46,17 ppm.

Ngoai ra, str dung diéu kién tbi wu trén, nhom nghién ciru da tong hop duoc hop chat
bis-carbazole 171r (nguyén liéu thwong mai dé tong hop vat liégu OLED) bang phan ting
gitra 2,2’-dibromidiphenyl va diamine 192 vai hiéu suat 45% (so d6 56).
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O O CuCl/L-proline Q
Br (20 mol%)
N
O O 140 °C, DMF, 24 h O
171r, 45 %

HoN

So d6 56. Téng hop hop chat bis-carbazole 171r
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Sor dé 57. Co ché dé xudt phan g tong hop hop chat 9H-carbazole 171
Co ché dé xuat phan tng tong hop hop chat 9H-carbazole dugc mo ta trong so do
57. Pau tién 1a budc cong oxi hda ciia xdc tac Cu(l) vai L-proline tao thanh phic Cu(l)

(A). Phuc trung gian A tham gia phan (tng cong oxy hoa vai 2,2’-dibromodiphenyl (170)
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tao thanh phuc trung gian Cu(lll) (B). Phuc trung gian B tiép tuc phan ang véi mudi
ammonium bac 4 (nhan duoc in situ tir phan Gng gitta amine va base) dé tao thanh phuc
trung gian C. Tiép theo 1a cac qua trinh cong oxy héa ndi phan tir, khir tach tao thanh san
pham carbazole va hoan nguyén phirc A cho chu trinh phan tng tiép theo.
3.3. Tong hop céac dan xuit d-carboline va s-carboline

Céc hop chét carboline (pyridoindole) I cac hop chat c6 nhiéu hoat tinh sinh hoc
tiém niang. Cac dong phan regeoisomer carboline va dic biét 13 f-carboline thuong gap
trong cac san pham tu nhién (hinh 15). Cac hop chat S-carboline thién nhién thé hién cac
hoat tinh nhu chdng Alzheimer, khang ung thu, khang viém, chéng HIV va chéng st rét.
MGt s6 loai thude tong hop tiéu biéu c6 chira khung S-carboline nhu ZK 91296, ZK93426,
Abecamil (hinh 15). Chi c6 mt so it cac hop chat 5-carboline duoc tim thay trong tu nhién
nhu cryptolepine, cryptoquindoline, cryptomisrine, jusbetonin, and quindoline. Nhiing
alkaloid ty nhién nay dugc phan lap tir Cryptolepis sanguinolenta va Justicia bentonica,
duoc biét dén nhu nhitng loai thudc truyén thong dé diéu tri bénh sot rét va cac bénh truyén
nhiém khéc & Trung Phi va Tay Phi. M6t s6 hoat tinh tiéu biéu cua cac hop chat 5-carboline

c6 thé ké dén nhu khang viém, khang u, chéng sot rét, khang khuan va khang virus.

H .
Quindoline Manzamine A
b
— Y
s >
N a
H .
Structure of carbolines Cryptoquindoline Jusbetonin

Hinh 17. Mét s¢ hop chat alkaloid chiza khung carbazole
3.3.1. Téng hep p-carboline si dung xdc tac Pd
C6 nhiéu phuong phéap dé téng hop cac hop chat carboline, trong d6 phan ing cong

dong vong sir dung xUc tac 1a cac kim loai chuyén tiép duoc quan tim dic biét do c6 nhiéu
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vu diém nhu phan @ng xay ra chon loc, hiéu suit cao. Tir nguyén liéu dau 3,4-
dibromopyridine 172a, chung t6i thuc hién phan trng Suzuki-Myaura chon loc vi tri voi
1.2 duong lugng o-bromophenylboronic acid, sir dung 5% mol Pd(PPhs)s thu duoc san
pham trung gian 3-bromo-4-(2-bromophenyl)pyridine 175a véi hiéu suit dat 89%. Sau
d6, san pham trung gian nay duoc cho phan &ng véi cac dan xuat amine khac nhau theo
kiéu phan tng ghép cap hai lan C-N, sir dung xuc tac Pd cho san pham la cac dan xuét g-
carbolines 5 vai hiéu suat cao.

HO .OH

Br
R- NH2

o O CCL

Br
172a 174a (89 %)

Sor do 58. Tong hop céc dan xudt p-carboline 175

Diéu kién phan tng: i. 173 (1.2 equiv.), Pd(PPhs)s (5 mol-%), 1M K,COs (25 mL),
10% KOH (5 drops), tetrahydrofuran (THF) (35 mL), dun hoi Iuu, 24 h; (ii) 4 (3 equiv.),
NaOtBu (6 equiv.), Pdz(dba)s (5 mol-%; dba = dibenzylideneacetone), phéi tir 10% of 1,1-
bis(diphenylphosphino)ferrocene (dppf); toluene, 110 °C, 7 h.

Pé t6i wu hoa phan wng ching t6i sir dung phan tng déng vong 174a voi 3,5-
dimethoxyaniline 191c, khao sét bang phé 'H NMR st dung 1,4-dioxane lam chat noi
chuan. Mot s6 yéu té chinh anh hudng dén phan tmg da dugc khao sat nhu ngudn Pd, phéi
tir, dung moi va nhiét do phan ung. Két qua cho thiy céc phéi tir mét cang nhu Xphos,
SPhos, PCys'HBF4, P(t-Bu)s*HBF4 cho hiéu suat phan ng trung binh (muc 6-11). Trong
khi cac phdi tir hai cang cho hiéu suit tét, dic biét khi sir dung két hop Pdzdbas véi Dppf
cho hiéu suat 1én dén 97%. Thay thé ngudn Pd bang Pd(OAC). cho hiéu suét thip hon
(55%). Khao sat cac dung mdi hitu co cho thay toluene 1a dung méi thich hop nhét cho
phan ting. Nhu vay, diéu kién toi uu cho phan tmg nay 1a xdc tac Pda(dba)s, phdi tir Dppf,
bazo NaOtBu, dung moi toluene, 110°C.

\ N
B H,N /
r o N
]
| N + E—
N” oM
e
174a 175a OMe
191c

Sor do6 59. Téng hop dan xudt S-carbolines 175a
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Bdng 3. Téi wu héa phan vmg téng hop dan xudt S-carbolines 175a

STT | Xactac | Phéitir | Bazo Dung méi | Hiéu suat (%)?
1 | Pd(OAc)2 | BINAP | NaOtBu Toluene 47
2 | Pdz(dba)s | BINAP | NaOtBu Toluene 72
3 | Pdz(dba)s | XantPhos | NaOtBu Toluene 83
4 | Pdy(dba); | DpePhos | NaOtBu Toluene 80
5 |Pdy(dba);| Dppf |NaOtBu Toluene 87
6 | Pdx(dba)s dppe NaOtBu Toluene 25
7 | Pdz(dba)z | XantPhos | KOtBu Toluene 41
8 | Pdz(dba)s | XantPhos | CsCOs3 Toluene 27
9 | Pdz(dba)s | XantPhos | NaOtBu DMSO 13
10 | Pdz(dba)s | XantPhos | NaOtBu | 1,4-dioxane 52
11 | Pd2(dba)s | XantPhos | NaOtBu DMF 38

Br l SN \ —
2w, _Podba ool P N
Br NaOtBu, toluene R
174b 191 110°C, 24 h 175

ﬁ @ “@ “@

175a, 87% 175b, 85% 175c, 88% 175d, 82%
= = =, QO
N
Q_/@\N LN \ N N
N N N
< -
2
Me

175, 92% 175F. 90% 175g, 92% OMe

175h, 60%

Sor do 60. Tong hop céc hop chat p-carboline 175
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Hinh 18. Phé 1H NMR cua hep chat 175a
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Hinh 19. Phé 3H NMR cuza hop chdt 175a
Trén phd H-NMR cuia hop chat 175¢ xuét hién tin hiéu singlet tai 8,86 ppm duroc
quy két cho proton H-1. Tin hiéu singlet v&i cuong do manh tai d6 dich chuyén 5,52 ppm

dac trung cho proton methylene thudc vong benzyl. Cac proton methoxy -OCHs cong
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huong dudi dang singlet tai 3,74 ppm. Cac proton con lai cong huong trong khoang 8,47
— 6,77 ppm. Trén phd 3C NMR cua hop chat 175a xuat hién tin hiéu caa 19 nguyén tir
carbon c¢6 mat trong phan tr.

Ap dung diéu kién t6i wu hoa, ching toi thyuc hién phan img déng vong gitra hop chét
174b véi cac dan xuat cua aniline cho hiéu suat tot 62-95% (177a-j). i vai cac nhom
thé hut dién tir cho hiéu suat thip hon cac nhom thé day dién tir. Phan timg déng vong giita
hop chét 174b véi cac amine chudi st dung didu Kién trén ciing cho hiéu suat tt. Cau tric
caa cac dan xuat 175a-0 duoc xac dinh biang phé NMR.

Co ché phan tng dugc dé xuit ¢ so d6 61. Chat dau 3-bromo-4-(2-
bromophenyl)pyridine tham gia phan tng cong oxi héa véi LPd dé tao phuc trung gian
Pd(Il) (A). Phuc trung gian A tham gia phan tng trao doi phéi tir voi base NaOtBu tao
thanh phirc trung gian B. Phtc trung gian B phan ¢ng véi amine nhan dwoc hop chat phic
trung gian C. Phan ting tach loai khir ctia trung gian C tao thanh trung gian D 12 san pham
caa phan tng ghép cap thir nhat va hoan nguyén chat xuc tac Pd(0) ban dau cho vong xdc
tac Pd tiép theo. Trung gian D tiép tuc phan {mg trao d6i phéi tir voi base NaOtBu tao
thanh phic trung gian E. Phuc trung gian E phan tng véi amine nhan duoc hop chat phic
trung gian F. Phan &ng téch loai khir cua trung gian F tao thanh trung gian D 1a san pham

S-carboline va hoan nguyén chat xiic tac Pd(0) ban dau.
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Sor do 61. Cor ché phan iing tong hop céc dan xuat S-carboline
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3.3.2. Téng hep p-carboline va #-carboline si dung xGc tac Cu

Trong luan an nay, chdng t6i da tong hop thanh cdng mét sé vong carboline bang
phan tmg ghép d6i C-N hai 1an sir dung xuc tac Pd di duoc mo ta o trén. Phuong phép nay
c6 vai han ché nhu xuc tac Pd dit tién, pham vi phan ung hep. Viéc tng dung cac mudi
dong ré tién, 6n dinh va san c6 thay vi cac chét xuc tac kim loai chuyén tiép dit tién két
hop Véi cac phéi tr dit tién dang dugc quan tim dang ké hién nay trong linh virc tong hop
hitu co. Chiing t6i d& nghién ctu tong hop cac dan xuat carbazole bang phuong phap st
dung chat xtc tc Cu [18]. Bé kham pha cac (g dung tiép theo trong phan tng ghép doi
C-N véi s ¢6 mit caa xdc tc Cu, ching t6i tién hanh nghién ctu tong hop cac dan xuét
B- va d-carboline tir cac nguy@n liéu ban dau san c6 str dung xdc tac mubi dong véi muc
tiéu dua ra duoc phuong phap tong hop méi cé nang suét tot va do chon loc cao, pham vi
phan &ng mé rong. Diéu kién téi wu ctia phan ng tong hop cac dan xuat d-carbolines 177

duoc mo ta trong bang 4.

B N7 N=
N, HN— [Cu] (20 mol%), ligand \_/
Ph >
Br Base, 120 °C N\\
174b 191a Solvent, 24 h 177a Ph

Sor do 62. Tong hop cac dan xudt & -carbolines 177a

Bdng 4. Toi wu héa phdn g tong hop cac ddn xudt J -carbolines 177a

STT | Xac Phéi tir Base Dung | Hiéu suit (%)
tac moi
1 Cul | BINAP K2COs3 DMSO 45
2 Cul | dppe K2COs DMSO 36
3 Cul | IPr.HCI K2COs3 DMSO 52
4 Cul | 1,10-phenanthroline K2COs DMSO 42
5 Cul | bipyridine K2CO3 DMSO 40
6 Cul | L-proline K2CO3 DMSO 90
7 Cul | L-proline K3PO4 DMSO 79
8 Cul | L-proline Cs2C0O3 DMSO 82
9 Cul | L-proline KOtBu DMSO 47
10 Cul | L-proline KOH DMSO 72
11 | CuBr | L-proline K2CO3 DMSO 85
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12 | CuCl | L-proline K2CO3 DMSO 83
13 Cul | L-proline K2CO3 DMF 82
14 Cul | L-proline K2CO3 NMP 85
15 Cul | L-proline K2CO3 Dioxane -
16 - L-proline K2CO3 DMSO -

2 Hiéu suat thu duoc bang phuong phap tinh ché trén cot sic ky.
174b (1.3 mmol), 191a (2.0 equiv.), base (3 equiv.), [Cu] catalyst (20 mol%), phdi
tr (20 mol%), 120 °C, 24 h.

Phan tmg ghép dd6i C-N hai lan gita hop chat 174b (1,3 dwong luong) va
benzylamine 191a (2 dwong lugng) duoc thuc hién dé khao sat diéu kién phan ang toi uu.
Pau tién, phan tmg dugc thuc hién & 120°C trong 24 gid véi sy ¢6 mat caa xdc tac Cul
(20 mol%), base K2COs va dung mdi DMSO. Mat s6 phéi tir nhu BINAP, dppe, Ipr, 1,10-
phenanthroline, bipyridine dwoc khao sat, tuy nhién déu cho hiéu suat tong hop carboline
177athap 36-52% (muc 1-5, bang 1). L-proline 1a phéi ttr phtl hop nhat cho phan éng nay,
hiéu suat tong hop hop chat 177a dat 90% (muc 6). Khi thay thé KoCO3 bang cac base
khac nhu K3POs, KOH, KOtBu, Cs,COs (muc 7-10), tuy nhién K>COj3 van la base ph
hop nhat. Khi thay thé Cul bang cac mudi dong phd bién khac nhu CuBr, CuCl (muc 11-
12), hiéu suét tong hop hop chat 177a dat khoang 83-85%, thap hon so vai khi diing xdc
tac Cul. Tiép theo, su anh huong ciia mot s6 dung méi (DMSO, NMP, DMF, dioxane)
dén hiéu suat da dugc khao sét (muc 13-15). Két qua cho thiy DMSO la dung méi pho
hop nhat cho phan tng tong hop hop chat 177a (muyc 6). Ngoai ra, khi khéng str dung xdc
tac, phan (g khong xay ra (muc 16). Nhu vay, diéu kién phan tng téi wu dé téng hop hop
chét o-carboline 177a nhu sau: xtic tic Cul (20 mol%), base K2COs, phdi tir L-proline (20
mol%), 120°C, 24 h.

Cau trdc cua hop chat 177a dugce xac dinh bang cac phuong phap phd cong huong
tir hat nhan. Trén phd H-NMR cua hop chat 177a xuat hién tin hiéu singlet véi cuong do
manh tai do dich chuyén 5,45 ppm dic trung cho proton methylene thuc vong benzyl.
Tin hiéu doublet-doublet tai 8,55 ppm duoc quy két cho proton H-2. Cac proton con lai
cong hudng trong khoang 8,43-7,06 ppm. Trén phd 3C NMR cua hop chat 177a xuat hién
day du tin hiéu cua 18 nguyén tir carbon c6 mit trong phan tir. Nguyén tir carbon CH;

thuoc vong benzyl cong huong tai 46,56 ppm.
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Hinh 21. Phé *C NMR cua hop chat 177a
Ap dung diéu kién phan ting toi uu nhu trén, 15 dan xuét 6-carboline 177a-0 di duoc
tong hop vai hiéu suat 60-95% (bang 2). Nhin chung, phan tng giita hop chat 174a va

amine chita nhém thé cho dién tir (methyl, methoxy) hiéu suat phan ang tét hon so véi cac



86
amine chira nhom thé hat dién tir. Cau tric cua cac hop chat J-carboline 177a-0 duoc
khing dinh bang cac phuong phap phé hién dai nhu *H NMR, 3C NMR.

Br N Cul (20 mol%) N—
l L-proline (20 mol%) \
P K,CO, Y
N" 4  R-NH, > N
Br 120 °C, DMSO, 24 h R
174b 191 177a-o0

5@@@@

177¢, 90%
177a, 90% 177b, 95% ¢, 90% 177d, 93% 177e, 80%

“@“3* *@ © ©

1779, 91% 177h, 86%
177, 70% 9. 91% ° 177i, 80% OMe

Q © %@ Q;L

177k, 88% 1771, 91%
177m, 92% 177n, 90% 1770, 60%

Sor dé 63. Tong hop céc dan xudt J -carbolines 177a-0 s dung xc tac Cul
Khi str dung xuc tac CuCly, N,N-dimethylglycin, KsPOs va dung m6i DMF, chung t6i da
tong hop thém dugc 4 hop chit d-carboline 177p-s tir cac amine khac nhau theo so d6 64.
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Br N=
| N CuCly/
— N,N-dimethylglycin \ Y
N + R-NH, > N
Br K3PO,, DMF, R
o
174b 191 120°C, 24 h 1779t
\/:\ :Nj N N—
\ 7 \ Y \ y
N N N
O D O
177a, 85% 177p, 80% 1779, 77%
N=
7N
\_/ N
N —
AWl
\\\ AN
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7 N\
—N 177s, 12%
177r, 15%

Sor do 64. Tong hop cac dan xudt J -carbolines 177g-t si dung xuc tac CuClz

Twong tu, str dung xuc tac Cul va CuCl,, 10 dan xuét S-carboline 175a-h da duoc
tong hop thanh cng bang phan tmg dong vong giita hop chat 174b va cac amine 191a-h.
Hiéu suat tong hop cac hop chét S-carboline 175a-h dat khoang 31-84% (so db 65).
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l N CuCly/N,N-dimethylglycin/ K3PO4, DMF —
= hoACul/L-proline/K,CO3, DMSO \ N
+ R-NH, N
o |
Br 120°C, 24 h R
174b 191 175

., 5@ b HCLF

175a, 61% 175b, 69% 175c, 67% 175d, 68%
- ) o O
N
\/N \/N \/N N Y
N N N
< ’
2
Me

175e, 70% 175f, 84% 1759, 44% OMe
175h, 38%
— —
o Ox .
N N
175i, 42%
175j, 31%

Sor do 65. Tong hop céc hop chat g-carboline 175 si dung xic tac Cu
Két qua thuc nghiém cho thay hiéu suat tong hop cac hop chat S-carboline 175 khi
sir dung x(c tac Cul thap hon so véi khi sir dung xc tac Pd. Tuy nhién, xdc tac Cul ¢6 gia
thanh ré hon, pham vi phan g rong

Bdng 5. So sanh hiéu sudt tong hop cac dan xudt -carboline 175

STT | Hop chit R Hiéu suat (%6)? Hiéu suat (%)°
1 175a | 4-MeO-CgH4-CHo- 87 61
2 175b | 4-Me-CgsHs-CHo- 85 69
3 175¢ | Ph 88 67
4 175d | 4-F-CeH4-CHo- 82 63
5 175e | PhCH2CH.- 92 70
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6 175f CH3CH2CH2- 90 84
7 175¢ CeHs- 92 44
8 175h 4-MeO-CeHs- 60 38

2 Pdy(dba)s, Dppf, NaOtBu, toluene, 110°C
b Cul, L-proline, K2CO3, DMSO, 120 °C

Nhu vay, cac dan xuat S-carboline va d-carboline di duroc tong hop thanh cong bang
phan tmg ghép d6i C-N hai lan sir dung xuc tac Cul giira 2,2’-dibromobiaryl va cac amine
bac mot. Day 1a phuong phap tong hop don gian, nguyén liéu ré tién sin co, c6 thé ang

dung cho nhiéu amine c6 cac nhdm chic khac nhau.




90
KET LUAN

Véi muc tiéu nghién ciru cac xdc tic mai va cac diéu kién tdi uu cho phan ang
ghép ciap C-N dé tong hop cac hop chat di vong, luan an da thu duoc nhirng két qua
sau:

1. Pa nghién ciru dua ra hé xUc tac phu hop la xdc tac Pdz(dba)s/Cul (5 mol% / 10
mol%), phéi tir XantPhos (10 mol%), bazo NaOtBu va diéu kién téi wu 1a dung mdi
toluene & 110°C trong khoang 12 gid dé tong hop 09 din xuit 5-aryl-5H-
pyrido[2°,1°:2,3]imidazo[4,5-b]indole (PIDI) 167a-i thong qua phan trng ghép cap C-
N. Hiéu suit tong hop dat khoang 61-76%.

2. Danghién ctru dua ra hé xuc tac phu hop la hé xic tac Pd2(dba)s/Cul (5 mol% / 10
mol%), phdi tir XantPhos (10 mol%), bazo NaOtBu va diéu kién téi wu 1a dung moi
toluene & 110°C trong khoang 12 gid dé tong hop 06 dan xuat 8-methyl-5-aryl-5H-
pyrido[2',1":2,3]imidazo[4,5-b]indole 169a-f thdng qua phan (rng ghép cap C-N giira 2-
(2-bromophenyl)-3-iodo-6-methylimidazo[1,2-a]pyridine va cac amine. Hiéu suat tong
hop dat khoang 52-83%.

3. Pi nghién ctru dua ra hé xGc tac pha hop 12 CuCl va Cul véi sy c6 mat caa phdi tir
L-proline va bazo dé tong hop 17 dan xuét carbazole 171a-r théng qua phan ang N-aryl
hoa hai 1an giita 2,2’-dibromodiphenyl va cac amine bac mét va 17 dan xuat J-carboline
177a-s théng qua phan ng gitra 3-bromo-2-(2-bromophenyl)pyridine va cac amine
bac mot. Hiéu suat tong hop dat khoang 40-95%.

4. Pianghién ciru dua ra hé xdc tac phi hop 1a xtc tac Pdz(dba)s va phdi tar Dppf dé
tong hop 10 dan xuat S-carboline 175a-j théng qua phan wng ghép cap C-N gitra 3-
bromo-4-(2-bromophenyl)pyridine va amine bac mot. Hiéu suat tong hop dat khoang
62-95%.
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NHUNG PONG GOP MOI CUA LUAN AN

1. Lan dau tién nghién ciru phét trién cac xuc tac ddng CuCl, Cul va L-proline cho
phan @ng ghép cip 2 lan C-N dé tong hop cac dan xuat cua carbazole tir 2,2°-
dibromobiphenyl va amine. Phuong phép nay c6 thé &p dung cho nhiéu nhém chuc
khé&c nhau, phan g dugc véi ca amine thom va amine aliphatic, khong can st dung
cac xuc tac kim loai quy hiém.

2. Lan dau tién sir dung xdc tac Cu va L-proline cho phan tng ghép cap C—N dé tong
hop - va d-carboline tir dibromopyridine va amine. Phuong phap nay c6 thé ap dung
cho nhiéu nhém chic, phan tmg dugc voi ca amine thom, amine aliphatic, cho hiéu
suét va do chon loc cao.

3. Lan dau tién phat trién phuong phap tong hop hop chét hitu co PIDI, tiém ning
ng dung trong dugc pham va vt liéu. Phuong phap nay duwa trén qua trinh domino
gom hai phan ng ghép C-N su dung xuc tac Pd va Cu, khong s dung chat
isocyanide doc hai nhu trong cong bé truéc d6. Phuong phap cho phép tao ra nhiéu
dan xuét PIDI vai hiéu suat cao (61-76%). Cac cau trlc cua hop chat tong hop da
khang dinh bang cac phuong phap phd MS, NMR va phuong phap nhiéu xa tia X don

phan tu.
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