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TONG HQP KHUNG TETRAHYDROCARBAZOLE VA DAN CHAT
KHUNG CARBAZOLE CHUA NHOM THE CO HOAT TiNH KHANG UNG THU

TOM TAT

Muc tiéu: Tdng hop khung tetrahydrocarbazole
c6 nhdm thé tai cac vi tri s 2,3,6,7 va thwc hién
phan (rng déng vong téng hop cac dan chét
khung carbazole cé clu tric cé dinh hwéng
chéng ung thw.

Phwong phap: Phan &ng déng vong tdng hop
khung tetrahydrocarbazole cé nhém thé methyl tai
cac vj tri 2,3 va clor tai cac vi tri 6,7 (3a-b) (Hinh-
1) theo phwong phap tbng hop Fischer indole
khi cho chlorophenylhydrazine hydrochloride
(CIC,H,NHNH,.HCI) (1a-b) (Hinh-1) phan tng v&i
methylcyclohexanone (2a-b) trong dung méi acetic
acid bang c6 xuc tac natrium acetate khan & 90°C
— 120°C trong th&i gian 2 gi¢. Phan (rng doéng
vong xay ra khi cho 2-hydroxy carbazole phan trng
v@i diethyl methyl malonate hoac diethyl phenyl
malonate (4a-b) trong dung mébi diphenylether &
240°C — 250°C tao ra san pham (6a-b) (Hinh-2).
Tuy nhién, khi st dung quinoline nhw 1a chét xdc
tac base cho phan trng déng vong gilra 2-hydroxy
carbazole va diethyl malonate (4a-b) thi xay ra phan
¢ng thé gan nhém quinoline 1én khung carbazole
cho ra san pham (5a-b) (Hinh-2). Diéu dac biét,
khi diethyl phenyl malonate (4b) phan &ng voi
2-hydroxy carbazole trong diphenylether tai nhiét
dd 250°C thi xay ra phan (rng déng vong tiép theo
tai nhém hydroxy clia 2-hydroxy carbazole tao ra
san pham (7a) (Hinh-2). Cac san pham dwoc téng
hop theo phwong phép tdng hop Fisher indole va
phwong phap déng vong & nhiét d6 cao néu trén
sé dwoc xac dinh cAu tric bang phan tich phd héng
ngoai IR phwong phap dap vién KBr, phan tich phé
cdng hwdng tr hat nhan 'H nmr, va phwong phap
phan tich nguyén té dinh lwvong.

Két qua: Téng hop dwoc 7 chét trong dé co 2
dan chét khung tetrahydrocarbazole ¢ nhom thé
methyl tai cac vi tri 2,3 va clor tai cac vi tri 6,7 (3a-
b) Hinh-1, 5 d&n chét ¢ khung carbazole 5a-b, 6a-
b, 7a Hinh-2.
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SYNTHESIS OF TETRAHYDROCARBAZOLE
AND CARBAZOLE DERIVATIES WITH ANTI-
CANCER ACTIVITIES

ABSTRACT

Objective: Synthesis of tetrahydrocarbazole
containing substituents at position 2,3,6,7 and
conducting a ring closer reaction to synthesis
of carbazole derivaties with potential anticancer
activities.

Method:

Ring-closing reaction synthesizes
tetrahydrocarbazole with methyl substituents at
positions 2,3 and chlorine substituents at positions
6,7 (3a-b) (Figure-1) according to Fischer indole
synthesis method when chlorophenylhydrazine
hydrochloride (1a-b) (CIC,H,NHNH,.HCI) reacts
with methylcyclohexanone (2a-b) in glacial acetic
acid solvent with anhydrous sodium acetate
catalyst at 90°C - 120°C for 2 hours. The ring-
closing reaction occurs when 2-hydroxy carbazole
reacts with diethyl methyl malonate or diethyl
phenyl malonate (4a-b) in diphenylether solvent at
240°C - 250°C to create product (6a-b) (Figure-2).
However, when using quinoline as a base catalyst
for the cyclization reaction between 2-hydroxy
carbazole and diethyl malonate (4a-b), a substitution
reaction occurs that the quinoline group is attached
into the carbazole frame, resulting to give product
(5a-b) (Figure-2). The special thing is that when
diethyl phenyl malonate (4b) reacts with 2-hydroxy
carbazole in diphenylether at a temperature 250°C,
a further cyclization reaction occurs at the hydroxy
group of 2-hydroxy carbazole to create product
(7a) (Figure-2). The compounds synthesized by
the Fischer indole synthesis method and the high
temperature ring-closing reaction were determined
structures by IR spectroscopy analysis, KBr
pelleting method, 'H nmr analysis, and quantitative
elemental analysis method.

Results: There are 7 compounds synthesized by
ring closer reaction, including 2 tetrahydrocarbazole
derivatives with methyl substituents at positions 2,3
and chlorine at positions 6,7 (3a-b). Figure-1, and
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5 derivatives having carbazole frames 5a-b,6a-b,
7a Figure-2.

Key words: Tetrahydrocarbazole, Carbazole,
Anticancer Compounds

I. DAT VAN BE

Ung thw la bénh man tinh cé ti 1é t& vong cao
trén toan thé gi¢i, theo nghién ctvu thdng ké cua td
chirc Y té thé gi¢i (WHO) ndm 2020 thi bénh ung
thw la moét trong hai loai bénh co ti Ié t&r vong cao
nhat [4]. Dan xuét carbazole cé hoat tinh chéng
ung thw va tiém ndng phat trién thanh thuéc diéu
tri ung thw. Cac nhoém thé tai cac vi tri 1, 2, 3, 6,
va 9 trén khung carbazole (Hinh-1, Hinh-2) dac
biét la nhdm thé acetyl, hydroxy, clor tai & vi tri s6
6 lam tang hiéu qua khang ung thw cta hop chét
[11; [21; [3]; [4]; [71; [8]. Trong céu tric carbazole c6
céu tric nhan indole, hop chéat nhan indole ciing ¢6
nhiéu hoat tinh sinh hoc dac biét Ia hoat tinh chéng
ung thw [5]. Téng hop khung tetrahydrocarbazole
cd nhém thé tai cac vi tri sé 2,3,6,7 va thuc hién
phan (ng déng vong tdng hop cac dan chat khung
carbazole c6 cAu tric c6 tiém nang hoat tinh chéng

ung thuw.
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Hinh 1: So’ dé téng hop khung tetrahydrocar-
bazole va dan chéat
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Hinh 2: So’ dé phéan trng déng vong téng hop
dan chéat c6 nhan carbazole

Muc tiéu nghién ctru:

Tdng hop khung tetrahydro carbazole c6 nhém
thé tai cac vi tri s6 2,3,6,7 va thwc hién phan
&ng dong vong tbng hop cac dan chat khung
carbazole va mang nhan indole, ca carbazole va
nhan indole déu cé cau tric cé tiém nang hoat
tinh chéng ung thu.

Il. DOI TUONG VA PHUONG PHAP NGHIEN CUU

Phan (ng doéng vong téng hop khung
tetrahydrocarbazole c6 nhém thé methyl tai
cac vij tri 2,3, 6,7 theo phwong phap téng hop
Fischer indole khi cho chlorophenylhydrazine
hydrochloride (CIC,H,NHNH,.HCI) phan (ng v&i
methylcyclohexanone trong dung méi acetic acid
bang c6 xuc tac natri acetate khan & 90°C — 120°C
trong th&i gian 2 gi¢. Phan (rng dong vong xay ra
khi cho 2-hydroxy carbazole phan rng véi diethyl
methyl malonate hoac diethyl phenyl malonate
trong dung méi diphenylether & 240°C — 250°C
cho ra san pham déng vong cé khung carbazole va
nhan indole [9].

Diém chay ctia cac chat méi dwoc tdng hop dwoc
x&c dinh trén may do diém chay Gallenkamp, Mod.
MFB-595 dung 6ng mao quan mé. Phd 'H nmr duoc
do trén may phd cdng huéng tlr hat nhan Brucker
AMX 360 (t&n sb proton 360 MHz) va trén may Asia
Brucker 500 MHz (ch4t chuan 13 tetramethylsilan,
dung moi la deuteriodimethylsulfoxid d6-DMSO
va CDCL,). Ph6 héng ngoai IR duoc do trén may
Galaxy Series FTIR 7000 phwong phap dap vién
KBr. Phan tich nguyén tb (gia tri cho phép trong
khodng + 0,4 so v&i phan tram ly thuyét) dwoc do
trén may phan tich nguyén td Fisons elemental
analyzer, Mod. EA 1108. Cac dan chét tébng hop
dwoc phan rng dwoc theo déi va huynh quang
bang sac ky I&p mdng trén ban silica gel 60 F-254
(Merck) day 2 mm, dung dén UV c6 buoc séng 254
nm va 366 nm.

ll. Két qua nghién ciru:

Téng hop dwoc 7 chét trong d6 tdng hop duoc
2 dan chat khung tetrahydrocarbazole c6 nhém thé
methyl tai cac vi tri 2,3 va Clor tai cac vi tri 6,7
(3a-b) Hinh-1, téng hop dwoc 5 dan chat c6 khung
carbazole 5a-b, 6a-b, 7a Hinh-2.

Két qua phan tich phd IR, phd H-nmr va phan tich
nguyén té cha 7 chét thu dwoc nhu sau:

Téng hop 7-chloro-2-methyl-2,3,4,9-tetrahydro-
1H-carbazol (3a)
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Hén hop gbébm natri acetate khan (0,63 g, 7,7
mmol) va acid acetic badng (6 ml) dwoc khudy
trdn & nhiét d6 90°C, 3-methylcyclohexanone (2a)
(1,1 ml, 9 mmol) dwoc thém vao va tiép theo la
3-chlorophenylhydrazine hydrochloride (1a) (1,00
g, 5.5 mmol) dwoc cho tr tr tirng lvgng nhéd vao
hén hop phan &ng trong 1 gi¢. Lam ngudi dén nhiét
dd phong, thém diethylether (100 ml). Tta sé xuét
hién, tia dwoc loc va rira véi diethylether, chat rn
thu dwoc lam khé chan khéng, tiép tuc chat rén
dwoc hoda tan trong hén hop ethanol/nuwéc (7:3,
100 ml), dé yén 3 gi®, san pham két tha dwoc loc
ap suét gidm, lam kho san pham trong chan khéng
& nhiét d6 phong. Tinh ché san phdm béng ethanol
va than hoat tinh.

Thu dwoc 0,72 g (59 %), tinh thé khédng mau, mp
147°C (ethanol).

IR (KBr, cm™): 3402 (s), 2922 (s), 1580 (s), 1470 (s).

'H-NMR (CDCl,): 6 = 1,08 (d, J= 6,5 Hz, 3 H,
CH,), 1,45 (oc, J= 5,6 Hz 1 H, CH), 1,90 (m, 2 H,
CH,), 2,33 (m, 1 H, CH,), 2,59 (m, 1 H, CH,), 2,68
(m, 1 H, CH,), 2,79 (m, 1 H, CH,), 6,92 (d, J= 8,3
Hz, 1 H, 8-H), 7,24 (d, J=8,5Hz, 1 H, 7-H), 7,32 (s,
1 H, 5-H), 10,79 (s, 1 H, NH).

Phan tich nguyén t6 C ,H,,CIN (219,72).

Ly thuyét: C, 71,07; H, 6,42; N, 6,37

Thwe nghiém: C, 71,03; H, 6,54; N, 6,29

Téng hop 6-chloro-3-methyl-2,3,4,9-tetrahydro-
1H-carbazol (3b)

Hén hop gdm natri acetate khan (2,50 g, 30,5
mmol) va acid acetic bang (30 ml) dwoc khudy
trén & nhiét do 90°C, 4-methylcyclohexanone (2b)
(4,5 ml, 37 mmol) dwoc thém vao va tiép theo 1a
4-chlorophenylhydrazine hydrochloride (1b) (3,7 g,
20,6 mmol) dwoc cho tir tr tirng lwong nhd vao
hén hop phan (ng trong 1 gi®. Lam ngudi dén
nhiét d6 phong, thém diethylether (100 ml). Tda
sé xuét hién, tha dwoc loc va rira voi diethylether,
chét ran thu dwoc lam khd chan khoéng, tiép tuc
chét r&n duoc hoa tan trong hén hop ethanol/nuwéc
(7:3, 100 ml), dé yén 3 gi®, s&n pham két tia dwoc
loc ap suét gidm, lam khd san phdm trong chan
khéng & nhiét d6 phong. Tinh ché san phdm bang
ethanol va than hoat tinh.

Thu dworc 3,81 g (84 %), tinh thé khéng mau, mp
115°C (ethanol).

IR (KBr, cm™): 3399 (s), 2932 (s), 1578 (s), 1470
(s).
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"H-NMR (CDCI,): 3 = 1,08 (d, J= 6,5 Hz, 3 H,
CH,), 1,52 (oc, J= 5,6 Hz, 1 H, CH), 1,90 (m, 2 H,
CH,), 2,18 (m, 1 H, CH,), 2,75 (m, 3 H, CH,), 6,96
(d, J= 8,5 Hz, 1 H, 8-H), 7,23 (d, J= 8,5 Hz, 1 H,
7-H), 7,32 (s, 1 H, 5-H), 10,85 (s, 1 H, NH).

Phan tich nguyén t6 C .H,,CIN (219,72).

Ly thuyét: C, 71,07; H, 6,42; N, 6,37

Thwe nghiém: C, 69,63; H, 6,24; N, 6,19

Toéng hop 3,4-dihydroxy-5-methyl-2-quinolin-
2-yl-pirido[3,2,1-jk]carbazol-6-one (5a)

H6n hop gdm 2-hydroxycarbazole (1,0 g, 5,4
mmol) va diethyl methylmalonate (4a) (5.00 ml,
29,4 mmol) va quinoline (3.00 ml, 25,0 mmol) dun
hdi lwu trong 4 gi®. Lam ngudi dén nhiét dd phong,
thém petroleum ether (60° — 90°) (90 ml). Tuda sé
xuét hién, tia dwoc loc va riva voi petroleum ether
(60° — 90°).

Thu duoc 1,00 g (51 %), bdét min mau vang, mp
264°C (dimethylformamide).

IR (KBr, cm-1): 3500 - 3405 (s), 2934 m, 1668 (s),
1609 (s), 1591 (s), 1556 (s) cm-1.

'H-NMR (CF,COOH): 5 = 1,52 (s, 3 H, CH,), 6,93
(m, 2 H, ArH), 7,38 — 7,51 (m, 3 H, ArH), 7,77 (m,
3 H, ArH), 7,92 (m, 2 H, ArH), 8,05 (m, 1 H, ArH),
8,52 (m, 1 H, ArH).

Phan tich nguyén té C,H,N,O, (392,42).

Ly thuyét: C, 76,52; H, 4,11; N, 7,14

Thwe nghiém: C, 75,77; H, 3,87; N, 7,09

Téng hop 3,4-dihydroxy-5-phenyl-2-quinolin-
2-yl-pirido[3,2,1-jk]carbazol-6-one (5b)

Hén hop gdm 2-hydroxycarbazole (1,0 g, 5,4
mmol) va diethyl phenylmalonate (4b) (5.00 ml, 23
mmol) va quinoline (3.00 ml, 25,0 mmol) dun hbi
lwu trong 4 gi¢. Lam ngudi dén nhiét do6 phong,
thém petroleum ether (60° — 90°) (90 ml). Tua sé
xuét hién, tia dwoc loc va rira véi petroleum ether
(60° — 90°).

Thu dwoc 1,50 g (61 %), tinh thé mau cam, mp >
360°C (dimethylformamide).

IR (KBr, cm-1): 3500 - 3405 (s), 1640 (s), 1584
(s), 1568 (s) cm-1.

'H-NMR (CF,COOH): & = 7,05 - 7,12 (m, 8 H,
ArH), 7,54 (m, 1 H, ArH), 7,64 (d, J= 6,7 Hz, 1 H,
ArH), 7,73 (m, 2 H, ArH), 7,84 (d, J= 8,1 Hz, 1 H,
ArH), 7,97 (d, J= 7,2 Hz, 1 H, ArH), 8,07 (d, J= 8,8
Hz, 1 H, ArH), 8,30 (s, 1 H, ArH), 8,64 (d, J= 8,8
Hz, 1 H, ArH).
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Phan tich nguyén t C,,H,N,O, (454,49).

Ly thuyét: C, 79,28; H, 3,99; N, 6,16

Thwe nghiém: C, 78,90; H, 3,85; N, 6,12

Ténghop 3,4-Dihydroxy-5-methylpyrido[3,2,1-
jk]lcarbazole-6-on (6a)

H6n hop gdm 2-hydroxycarbazole (1,83g, 10
mmol) va diethyl methylmalonate (4a) (3.40 ml, 20
mmol) dun hdi lwu trong 1 gir. Lam ngudi dén nhiét
dd phong, thém methanol (5,0 ml). Tia sé& xuét
hién, tda dwoc loc va riva vé&i methanol.

Thu dwoc 2,50 g (94 %), bot mau vang, mp 274°C
(dimethylformamide).

IR (KBr, cm-1): 3380 - 2700 w, 1655 (s), 1620 (s),
1600 (s), 1580 s cm-1.

'H-NMR (CHCL,): 6 = 2,06 (s, 3 H, CH,), 6,99 (d,
J=8,3 Hz, 1 H, ArH), 7,39 — 7,49 (m, 2 H, ArH),
8,12 (m, 2 H, ArH), 8,56 (d, J= 7,9 Hz, 1 H, ArH),
10,83 (s, br, OH).

Phan tich nguyén t6 C,¢H,,NO, (265,27).

Ly thuyét: C, 72,45; H, 4,18; N, 5,28

Thwe nghiém: C, 72,83; H, 4,26; N, 5,33

Ténghop 3,4-Dihydroxy-5-phenylpyrido[3,2,1-
jk]lcarbazole-6-on (6b)

Hén hop gdm 2-hydroxycarbazole (0,05g, 2,73
mmol) va diethyl phenylmalonate (4b) (2.50 ml,
12 mmol) trong diphenylether (3 ml) dun héi lwu
trong 6 gid. Lam ngudi dén nhiét dd phong, thém
methanol (5,0 ml). TGa sé& xuat hién, tia duoc loc
va rlra v&i methanol.

Thu duwoc 0,72 g (81 %), bdt mau vang, mp >
300°C (dimethylformamide).

IR (KBr, cm™"): 3380 - 2700 w, 1655 (s), 1620 (s),
1600 (s), 1580 s.

'H-NMR (CHCI,): 5 = 7,04 (d, J= 8,0 Hz, 1 H,
PhH), 7,35 (t, J= 8,4 Hz, 1 H, PhH), 7,41 - 7,48 (m,
6 H, ArH), 8,16 (d, J=7,1 Hz, 1 H, 1-H), 8,22 (d, J=
8,2 Hz, 1 H, 11-H), (m, 2 H, ArH), 8,55 (d, J=7,8
Hz, 1 H, 8-H).

Phan tich nguyén t6 C,,H,,NO, (327,34).

Ly thuyét: C, 77,06; H, 4,00; N, 4,28

Thwe nghiém: C, 76,91; H, 4,16; N, 4,43

Téng hop 3,7-Dihydroxy-2,6-diphenyl-1H,5H-
pyrano[2,3-b]pyrido[1,2,3-Im]carbazole-1,5-dione
(7a)

H6n hop gdm 2-hydroxycarbazole (0,25g, 1,4
mmol) va diethyl phenylmalonate (4b) (5,0 ml, 23
mmol) dun héi lwu & 280°C trong 7 gi®. Lam ngudi

dén nhiét do phong, thém methanol (20,0 ml). Tda
sé& xuat hién, tda dworc loc va rira véi methanol.

Thu dwoc 0,64 g (61 %), tinh thé mau vang, mp
340°C (methanol).

IR (KBr, cm-1): 3489 (s), 1736 (s), 1712 (s), 1653
(s), 1621 (s), 1605 (s), 1580 (s) cm-1.

'H-NMR (CHCL,): 6 = 7,38 — 7,42 (m, 2 H, PhH),
7,43 — 7,54 (m, 9 H, PhH), 7,62 (t, J=7,8 Hz, 1 H,
ArH), 8,39 (d, J=7,6 Hz, 1 H, Ar-H), 8,56 (d, J= 8,0
Hz, 1 H, Ar-H), 8,94 (s, 1 H, 8-H), 10,34 (s, OH).

Phan tich nguyén té C,,H,;NNaO, (471,47).

Ly thuyét: C, 73,02; H, 3,27; N, 2,84

Thwc nghiém: C, 72,55; H, 3,59; N, 3,02

IV. BAN LUAN

Bang thwc hién phan @ng Fischer indole
khi cho chlorophenylhydrazine hydrochloride
(CICH,NHNH,,.HCI) phan tng voi
methylcyclohexanone (cé nhém thé clor va methyl
trén chéat tham gia phan &ng ban dau duwoc chon
loc vi tri tiém nang tac déng khang ung thw)
trong dung méi acetic acid bang c6 xuc tac natri
acetate khan & 90°C — 120°C trong thoi gian 2
gi&, xtc tac natri acetate khan trung hoa HCI dé
gidi phéng nhém amine ty do tao diéu kién phan
(rng v&i nhdm carbonyl clia cyclohexanone tao ra
phenylhydrazone, tiép tuc cé sw chuyén vi sép xép
lai tao ra enehydrazine hoat déng twr do tao ra lién
két moi C-C va sw tdch ammoniac dé tao ra san
pham (3a-b). Phan (rng déng vong cla 2-hydroxy
carbazole v&i diethyl methyl malonate hoac diethyl
phenyl malonate trong dung moi diphenylether &
240°C — 250°C tao ra sé&n pham co vong carbazole.
Tuy nhién, khi st dung quinoline nhw 1a chét xdc
tac base cho phan &rng dong vong gilra 2-hydroxy
carbazole va diethyl malonate thi xdy ra phan
&ng thé gan nhém quinoline lén khung carbazole.
Nghién ctu nady mé& ra hwéng nghién ciru tong
hop dan xuét cé cac nhém thé khac nhw Flour gan
trén cac vi tri trén khung tetrahydrocarbazole va
carbazole lam tang hoat tinh khang ung thw.

V. KET LUAN

Thuc hién phdn &ng déng vong tdng hop
khung tetrahydro carbazole c6 nhém thé
methyl hodc clor theo phwong phap téng hop
Fischer indole khi cho chlorophenylhydrazine
hydrochloride (CIC,H,NHNH,.HCI) phan (ng v&i
methylcyclohexanone trong dung méi acetic acid
bang co6 xuc tac natri acetate khan & 90°C — 120°C
trong thoi gian 2 gid thu dwoc 2 dan chat 3a va

23



TAP CHi Y DUQ'C THAI BINH, TAP 12 SO 3 - THANG 9 NAM 2024

3b. Phan &rng déng vong xay ra khi cho 2-hydroxy
carbazole phan &ng vo&i diethyl methyl malonate
hoac diethyl phenyl malonate trong dung moi
diphenylether & 240°C — 250°C tao ra san pham
6a va 6b. Tuy nhién, khi str dung quinoline nhw la
chét xuc tac base cho phan (rng déng vong gitra
2-hydroxy carbazole va diethyl malonate (4a-b) thi
xay ra phan (rng thé gan nhém quinoline 1&n khung
carbazole cho ra san phdm 5a va 5b. Piéu dic
biét, khi diethyl phenyl malonate (4b) phan rng véi
2-hydroxy carbazole trong diphenylether tai nhiét
dd 250°C thi xay ra phan (rng déng vong tiép theo
tai nhom hydroxy cla 2-hydroxy carbazole tao ra
san pham (7a).

Tbng hop dwoc 7 chét trong d6 c6 2 dan chét
khung tetrahydrocarbazole ¢ nhém thé methyl tai
cac vi tri 2,3 va clor tai cac vi tri 6,7 (3a-b) Hinh-
1, 5 dan chat c6 khung carbazole 5a-b, 6a-b, 7a
Hinh-2.
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