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Tong hop va thit hoat tinh gy doc té bao ung thw
ciia mot s0 dan chat indole carbohydrazide

Cao Thi Cim Nhung"
Truong Dai hoc Y Dugc, Dai hoc Hué, 6 Ngo Quyén, phwong Thudn Hoa, TP Hué, Viét Nam
Ngay nhan bai 10/1/2024; ngay chuyén phan bién 12/1/2024; ngay nhan phéan bién 18/2/2024; ngay chép nhan dang 25/2/2024
Tom tat:

Cic din chit indole dwgc danh gid cé tiém ning to 16m trong tong hop va phit trién thudc ung thw. Nghién ciru tién
hanh téng hop va danh gia hoat tinh giy dc té bao ung thw ciia mét s6 din chit indole carbohydrazide. Mat loat
din chit indole carbohydrazide di dwoc tong hop bing cac phan tng ngung tu co ban. CAu tric cia cac din chit
dwoc xac dinh bang phwong phap phé 'H-NMR, 3C-NMR va MS. Hoat tinh giy ddc té bao ung thw in vitro cia
cic chit tong hop dwoc danh gia theo phwong phap xét nghiém mau sulforhodamine B (SRB) trén dong té bao ung
thw rujt Kkét ngudi (HT-29). Két qua thir hoat tinh cho thz"ly,‘4 din chat IL, IT,, II_va II, thé hién hoat tinh gy dfc
te Pz‘lo trén dong té bao ung’thu’ thir nghiém véi gié’tri IC,_, nam trong khodng 1,72-48,’85 uM. Trong d6, dan chat I1
thé hién hoat tinh giy doc té Pz‘lo ung thu manh I}hﬁt v0’1 gié‘ tri IC,=1,72+0,29 uM. Két qua nghién ctru goi y nhirng
thong tin quan trong trong tong hop va phat trién thuoc di€éu tri ung thw méi tir khung indole carbohydrazide, gop
phén dinh huéng cho nhirng nghién ciru tong hop tiép theo, tim kiém hop chit giy doc té bao ung thw tir cic din
chit mang khung chit indole carbohydrazide theo phwong phap tong hop héa hoc.

Tir khéa: din chit indole carbohydrazide, hoat tinh giy déc té bao, tong hop.
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Abstract:

Indole derivatives are considered to have great potential in the synthesis and development of cancer drugs.
The main objective of this study was to synthesise some indole carbohydrazide derivatives and test their
cytotoxicity on human cancer cell lines. A series of indole carbohydrazide derivatives was synthesised by the basic
condensation reaction. The chemical structure of these compounds was elucidated by 'H-NMR, *C-NMR, and MS
spectral analysis. The in vitro cytotoxic activities of all synthesised compounds against human colon cancer cells
(HT-29) were evaluated by the SRB assay. The results showed that compounds I, IL, IT , and II, exhibited activity
against the tested cell lines with IC, values ranging from 1.72 to 48.85 uM. Especially, the compound II_displayed
the most potent anticancer activity against HT-29 cells with 1C,=1.72+0.29 uM. The study results suggest important
information about the synthesis and development of new cancer drugs from the indole carbohydrazide framework,
contributing to the orientation of future comprehensive studies in the search for cytotoxic compounds against cancer
cells from derivatives bearing the indole carbohydrazide scaffold using chemical synthesis methods.
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1. it van de

Trong linh vuc nghién ciru va phat trién thudc, dé tiét
kiém chi phi, thoi gian va nhanh chéng dua thudc ra thi
truong, cac nha nghién ctu thuong dua trén cac chat dang
duoc tng dung lam thudc hodc c6 hoat tinh sinh hoc tbt, tir
d6 thay d6i hodc két hop cac cdu tric nay dé tao ra cac dan
chat méi c6 tac dung mong muén hodc ¢6 hiéu qua cao hon.
Vong indole duoc coi 1a phan tir chii chdt ton tai trong cac
hop chét c6 hoat tinh sinh hoc da dang [1-3]. Dac biét, cac
dan chét cua indole dugc chimg minh 1a c6 tac dung ngin
chin su sinh sbi va x4m l4n cua nhiéu té bao ung thu [4-7].
Nham muyc dich gop phan tao ra sy phong pht vé mit ciu
tric va danh gia so bo hoat tinh khang ung thu ctia nhém din
chét indole carbohydrazide, nghién ctu dugc thyc hién véi
2 muyc tiéu: tong hop mot s6 dan chat indole carbohydrazide;
danh gia hoat tinh gay doc t& bao ung thu cia mot sé dan
chit indole carbohydrazide da tong hop duoc.

2. Déi tuong va phuong phap nghién ciiu
2.1. Péi twong

Pbi tugng nghién ctu 1a cac dan chit indole
carbohydrazide dugc tong hop tir nguyén liéu ban dau 1a
methyl 1H-indole-2-carboxylate va methyl 1H-indole-3-
carboxylate.

Hoa chit dwoc cung cép’ boi Hang: Sigma-Aldrich,
Merck va dugc st dung truc tiép, khong tinh ché lai.

Phé cong huong tir hat nhan ('H-NMR, “C-NMR) dugc
ghi trén may Bruker AC-500 MHz, ph6 khoi Iugng (MS)
duoc do trén may LTQ Orbitrap XLTM véi ky thudt ion
hoa phun mu dién tir (ESI) tai Vién Hoa hoc, Vién Han lam
Khoa hoc va Cong ngh¢ Viét Nam.

Dong té bao thir nghiém: Té bao ung thu rudt két & ngudi
(HT-29) do Vién Cong ngh¢ Sinh hoc, Vién Han lam Khoa
hoc va Cong nghé Viét Nam cung cap.

2.2. Phwong phdp nghién ciru

2.2.1. Phwong phdp tong hop

Céc dan chét indole carbohydrazide dugc tong hop theo
hai quy trinh, mdi quy trinh gom 2 giai doan (hinh 1).
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Giai doan 1: Tong hop dan chit 1H-indole-2-carbohy-
drazide (I) va 1H-indole-3-carbohydrazide (I'): Cho 175
mg (1 mmol) methyl 1H-indole-2-carboxylate hodc methyl
1 H-indole-3-carboxylate vao binh cau day tron dung tich 50
ml, hoa tan hoan toan bﬁng 2 ml ethanol. Thém 0,15 ml (3
mmol) hydrazin vao binh phan tmg, dun hon hgp & nhiét do
70°C trong 3 gio. Theo ddi phan timg bang SKLM, pha dong
chloroform : aceton = 6 : 1. Lam lanh, loc thu tia. Rura va
tinh ché tua béng ethanol lanh, séy kho.

Giai doan 2: Téng hop cac dan chitindole carbohydrazide
(IL_): Phan tan 8,75 mg (0,05 mmol) chat 1H-indole-2-
carbohydrazide (I) hoac 1H-indole-3-carbohydrazide (I')
vao 2 ml ethanol, thém tiép dan chat benzaldehyde (0,05
mmol) vao binh phan ung, thém vai giot acid acetic dac,
dun hén hop & nhiét d6 60-70°C trong khoang 4-5 gio.
Lam lanh, loc rira tia bang ethanol lanh, sy kho. Tinh
ché san pham bang sic ky cot (sit dung hé dung moi
n-hexan : aceton = 3 : 2) hodc két tinh lai trong ethanol.

2.2.2. Phuwong phap thir tac dung gdy ddc té bao ung th

Thir hoat tinh gy ddc té bao in vitro cia cac dan chat
dugc tién hanh theo phuong phap ciia P. Skehan va cs (1990)
[8]. Phép thir dugc thyc hién trén dong té bao ung thu rudt
két & nguoi (HT-29) va lap lai 3 1an dé dam bao tinh chinh
xac. Ellipticine ¢ cac nf”)ng do 10, 2, 0,4, 0,08 ug/ml dugc
sir dung nhur 14 chat d6i chimg duong. DMSO 1% luén dugce
str dung nhu ddi chimg 4m (ndng do cudi cing trong giéng
thur 1a 0,05%).

3. Két qua

Téng hop héa hoc: Dit lidu cac hop chét trung gian tong
hop duogc thé hién tai hinh 2.

1H-indole-2-carbohydrazide (I): Chit rin, mau tring,
khong tan trong nudc, tan trong aceton, DMF. Hiéu suat:
87% (152 mg). T°_: 228,1-230,3°C. Sic ky 16p mong: Hé 1:
Chloroform : ethyl acetat (1 : 2), R =0,83; H¢ 2: Chloroform :
aceton (6 : 1), R=0,67; H¢ 3: Chloroform, R =0,39.

o " 1 H-indole-3-carbohydrazide

L @? ; (I'): Chét rdn, mau tring, khong
N tan trong nudce, tan trong aceton,

H I DMF. Hiéu suét: 81% (141 mg);
Cﬁi T :232,7-233,8°C. Séc ky 16p

o N ﬂ“ mong: H¢ 1: chloroform:aceton
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’ Quy trinh 1 e ’

Quy trinh 2

(1:3), R=0.81; H& 2

I :R=4-CLII,: R=4-OH, I : R = 4'NO,, I : R =4"-CI, Il : R =4"-OH, I : R = 4'NO,
Téc nhén va diéu kién: a) a’) Hydrazin, ethanol, dun 70°C; b) b’) Dan chét benzaldehyde, ethanol, acid acetic ddc, dun 60-70°C.

Hinh 1. Quy trinh téng hop céc dan chét indole carbohydrazide (II_).
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chloroform:ethyl acetat (1:3),
R=0,57; H¢ 3: n-hexan:aceton
(1:1), R=0,32.
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IL, .

IL,: R=4-CL II,: R = 4-OH, II: R = 4-NO,, II,: R = 4-CL, I : R =4"OH, II,: R = 4-NO,

Hinh 2. C4u tric cta cac dan chét indole carbohydrazide tdng hop dwoc i, .

Dir liéu vé tinh chit va phd cia cac dan chét indole
carbohydrazide tong hop duoc:

4-chlorobenzylidene-1H-indole-2-carbohydrazide (IL):
Chat ran, mau tring. Hiéu suat thuc té: 70% (10,43 mg).
T - 251,7-253,8°C. MS (ESI) m/z 297,9 [M+H]". "H-NMR
(600 MHz, DMSO-d,, ppm): 6 7,09 (m; 1H; H, ), 7,24 (m;
1H; H, ), 7,32 (s; 1H; H,), 7,47 (d; 1H; J=7,8 Hz; H,, ), 7,54
(d; 2H; J=8,4 Hz; H, ), 7,68 (d; 1H; J=7,8 Hz; H,, 7,78 (d;
2H;J=8,4Hz; H, ), 8,45 (s; 1H; -N=CH-), 11,82 (s; 1H; H)),
11,97 (s; 1H; -CONH). “"C-NMR (150 MHz, DMSO-d,,
ppm): 6 103,69; 112,35; 119,93; 121,75; 123,88; 126,93;
128,64; 128,91; 133,27; 134,37; 136,84; 145,69; 157,64.

4-hydroxybenzylidene-1H-indole-2-carbohydrazide
(IL,): Chat ran, mau trang. Hiéu sut thuc té: 40% (5,6 mg).
T :248,9-250,7°C. MS (ESI) m/z 279,9 [M+H]". '"H-NMR
(600 MHz, DMSO-d,, ppm): 6 6,86 (d; 1H; J=8,4 Hz; H, ),
7,06 (m; 1H; H, ), 7,21 (t; 1H; J=7,2 Hz; H, ), 7,23 (s; 1H;
H,), 7,46 (d; 1H; J=8,4 Hz; H, ), 7,58 (d; 3H; J=8,4 Hz;
H,), 7,66 (d; 1H; J=7,8 Hz; H,), 8,35 (s; 1H; -N=CH-),
9,93 (s; 1H; OH), 11,68 (s; 1H; H,), 11,75 (s; 1H; -CONH).
PC-NMR (150 MHz, DMSO-d,, ppm): § 103,18; 112,31;
115,69; 119,86; 121,62; 123,63; 125,29; 126,98; 128,78;
130,26; 136,72; 147,44; 157,37.

4-nitrobenzylidene-1H-indole-2-carbohydrazide (Il ):
Chét rén, mau vang. Hi¢u suét thue té: 81% (12,4 mg). T _:
237,1-239,3°C. MS (ESI) m/z 308,9 [M+H]". '"H-NMR (600
MHz, DMSO-d,, ppm): 6 7,1 (m; 1H; H, ), 7,26 (m; 1H;
H,), 7,37 (s; 1H; H,), 7,47 (d; 1H; J=8,4 Hz; H, ), 7,70 (d;
1H; J=7,8 Hz; H, ), 8,02 (d; 2H; J=9 Hz; H, ), 8,32 (d; 2H;
J=9Hz; H, ), 8,55 (s; 1H; -N=CH-), 11,86 (s; IH; H,), 12,19
(s; 1H; -CONH). "C-NMR (150 MHz, DMSO-d,, ppm): 8
104,23; 112,41; 120,02; 121,90; 124,07, 126,93; 127,94,
129,62; 136,94; 140,66; 144,47, 147,76, 174,85.
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4-chlorobenzylidene-1H-indole-3-carbohydrazide (II,):
Chat ran, mau tring. Hi¢u suat thuc té: 74% (11,0 mg). ™.
256,3-258,5°C. MS (ESI) m/z 297,9 [M+H]*". 'H-NMR (500
MHz, DMSO-d,, ppm): 6 7,16 (td; 1H; J =7,8 Hz; J =5,5
Hz; H,), 7,21 (m; 1H; H, ), 7,49 (m; 1H; H, ); 7,53 (m;
2H; H,), 7,74 (t; 2H; J=1,8 Hz; J,=7,2 Hz; H, ), 8,20
(d; 1H; J=6,6 Hz; H,), 8,31 (m; 2H; -N=CH-; H, ), 11,42
(s; 1H; H)), 11,73 (s; 1H; -CONH). "C-NMR (125 MHz,
DMSO-d,, ppm): 6 108,36; 111,96; 116,14, 120,77; 121,14;
122,24, 128,33; 128,90; 133,76; 133,87; 135,93; 141,81.

4-hydroxybenzylidene-1H-indole-3-carbohydrazide
(I1): Chat ran, mau tring. Hiéu suit thuc té: 45% (6,3 mg).
T :253,5-255,1°C. MS (ESI) m/z 279,9 [M+H]". '"H-NMR
(600 MHz, DMSO-d,, ppm): 8 6,84 (dd; 2H; J =6,6 Hz;
I=1,8 Hz; H, ), 7,14 (td; 1H; J =7.8 Hz; J,=7,2 Hz; J,=6,6
Hz; H, ); 7,2 (m; 1H; H, ), 7,46 (d; 1H; J=7,8 Hz; H,), 7,54
(d; 2H; J=8,4 Hz; H,), 8,19 (s; 3H; -N=CH-; H, ); 9,85
(s; 1H; OH), 11,17 (d; 1H; H)), 11,68 (s; 1H; -CONH).
PC-NMR (150 MHz, DMSO-d,, ppm): 6 111,84; 115,65;
120,58; 121,15; 122,08; 125,76; 128,36, 128,85; 142,83;
158,90.

4-nitrobenzylidene-1H-indole-3-carbohydrazide  (II):
Chat ran, mau vang. Hiéu suat thuc té: 69% (10,7 mg). ™.
239,8-241,5°C. MS (EST) m/z 308,9 [M+H]*. 'H-NMR (600
MHz, DMSO-d,, ppm): 6 7,17 (td; 1H; J =7,8 Hz; J,=7,2
Hz; H,), 7,21 (td; 1H; J,=7,2 Hz; J,=7,8 Hz; H, ), 7,4 (t;
1H; J=7,2 Hz; H; H, ), 7,97 (d; 2H; J=9 Hz; H, ), 8,20 (d;
1H; J=7,8 Hz; H, ), 8,30 (dt; 3H; J =9 Hz; ] =9,6 Hz), 8,41
(s; 1H; -N=CH-), 11,69 (s; 1H; H)), 11,79 (s; 1H; -CONH).
PC-NMR (150 MHz, DMSO-d,, ppm): 6 111,98; 120,86;
121,07; 122,32; 124,04; 127,52; 131,12; 135,97, 141,21,
147,42; 149,98.
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Két qua danh gia hoat tinh giy doc trén dong té bao
ung thu rudt két ngudi HT-29 cua cac din chét indole
carbohydrazide (II_,) dugc thé hién 1an luot qua gié tri IC,,
o bang 1.

Bang 1. Két qua danh gia hoat tinh gay doc té bao cua cac dan
chét indole carbohydrazide ().

I, I, I I, I, 1,

Hopehit 2oy R-4-0m) (R=4-NO) (R=4-Cl) (R=4-OH) (R=4-NO,)

Ellipticine

IC, (uM) 1,72£029 4885:2.72 29,18<L,11  >100 >100 45,04£181  0,38+0,05

Ellipticine dwoc st dung lam chat dbi chirng dwong.

Két qua thir nghiém cho thdy, 4 din chat I, II,, IT, I,
thé hién hoat tinh gay doc trén dong té bao ung thu nghién
cuu véi gia tri IC nam trong khoang 1,72-48,85 uM. Trong
d6, dan chat II, thé hién hoat tinh gdy doc manh nhét véi
néng do IC, dat 1,72+0,29 uM, dan chét IT, cho tac dung
yéu nhat voi gia tri IC, =48,85+2,72 uM.

4. Ban luan
4.1. Tong hop héa hoc

Qua trinh téng hop cac dan chit Il dugc thyc hién
qua hai giai doan, mdi giai doan c6 cac tac nhan va diéu
kién phan tng khac nhau. Do d6, can kiém soat cac diéu
kién phan mg dé nang cao hiéu suat tong hop va thu dugc

san pham co6 d6 tinh khiét cao.

O giai doan 1, cac hop chét trung gian 1H-indole-2-
carbohydrazide (I) va 1 H-indole-3-carbohydrazide (I') dugc
téng hop tir methyl 1H-indole-2-carboxylate va methyl
1 H-indole-3-carboxylate véi tac nhan hydrazin trong dung
mdi ethanol theo co ché thé 4i nhan. P& nang cao hiéu sut,
phan tmg can str dung mot lwong téi thiéu dung méi ethanol
dé hoa tan nguyén li¢u ban déu, thuc hién phan ung ¢ nhiét
dd 70°C, nhiét do phan ting qua cao (>100°C) s€ gay phan
huy hydrazin.

Giai doan tiép theo, phan tng tong hop cac chat I xay
ra theo co ché cong hop 4i nhan theo hai giai doan: Giai
doan dau, doi dién tur cua nito trong nhom -NH, s& tn cong
vao vi tri carbon ciia nhom aldehyde tao san pham trung
gian khong bén, sau d6 san phim trung gian tiép tuc tach
mot phan tir nudc dé tao san pham IT . Acid acetic dac duoc
dung lam xuc tac cho phan Gng, do méi truong H' thuan
loi cho tac nhan nucleophile tdn cong vao nhom -CHO cua
nhan thom.
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Céu tric cua cac dan chét indole carbohydrazide (I
dugc khing dinh qua cac phd MS, 'H-NMR, '*C-NMR.

Phd MS cua cac din chat déu cho pic cta ion phan tir véi
khéi luong dung nhu du kién, cuong d pic manh. Véi hai
dan chit Il vall, do c6 mang nhém thé -Cl trong céu tric
nén trén phd dd cua hai dan chit nay con xuit hién pic cia
céc ion dong vi.

Phd 'H-NMR ciia cac dan chat indole carbohydrazide
cho théy, proton ciia nhém -NH ¢6 d¢ dich chuyén hoa hoc
16n nhét, trong dé proton cua -NH trén nhan indole c6
gia tri dich chuyén 11,17-11,86 ppm, proton ctia nhom
-CONH nam trong khoang dich chuyén 11,68-12,19
ppm. Nguyén nhén la do nguyén tir nito va oxy c6 do dm
dién 16n s& hut cac electron 1am giam do che chan trén
nguyén tir hydro, dan dén tang do dich chuyén hoa hoc
trén nguyén tir hydro. Trong khoang dich chuyén tir 8,19-
8,55 ppm, xuét hién tin hiéu dic trung cua proton cua nhom
-N=CH. Céc proton thom trong khung indole va khung aryl
nam dan xen nhau trong ving dich chuyén hoéa hoc tir 6,85
- 8,33 ppm. Bén canh do, dan chat I, va II c6 thém sy xuét
hién ctia cac proton ctia nhom -OH véi d6 dich chuyén trong
khoang 9,85-9,93 ppm.

Phd *C-NMR cuia cac hop chat indole carbohydrazide
déu cho tin hiéu c6 do dich chuyén héa hoc 16n nhét thudc
vé nhom C=0, trong khoang 157,37-174,85 ppm. Nguyén
tir carbon ciia nhém C=N c6 d6 dich chuyén trong khoang
141,54-147,47 ppm, nguyén tir carbon C, cua vong indole
trong khoang dich chuyén 129,62-134,27 ppm (dan chét
IT ), 128,36-131,12 ppm (dén chat IT ). D6i véi hop chat
I, va 11, 157,37-158,90 ppm la khoang dich chuyén hoa
hoc ciia nguyén tir carbon gin v6i nhom thé -OH, 147,42-
147,76 ppm la khoang dich chuyén cta nguyén tir carbon
gin véi nhom thé -NO, trong hop chat I vall.

4.2. Thir hoat tinh gady djc 1é bao ung thuw

Trong 6 dan chét indole carbohydrazide (I ) tong hop
dugc c6 4 din chat thé hién hoat tinh giy doc trén dong
té bao ung thu thir nghiém HT-29, trong d6 dan chat IT_
cho hoat tinh gdy doc té bao ung thu manh nhit voi gia tri
IC, =1,72+0,29 uM (so voi chat @i chung Ellipticine co
IC,=0,38+0,05 1M). Khd ndng gay doc ké tiép thudc vé dan
chatIl (IC,=29,18+1,11 uM), dan chat IT (IC,=45,04+1,81
uM). Vi gia tri IC, =48,85+2,72 uM, 11, la dan chét cho tac
dung gay doc té bao yéu nhat.
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Tiép theo, khi so sanh anh hudng ctia nhom thé & cing
vi tri 4' trén vong phenyl dén hoat tinh gdy doc trén dong
té bao ung thu thir nghiém, nhén thay din chat mang nhom
thé hit dién tir (R=-NO,) déu thé hién tic dung gy doc té
bao & ca 2 khung cdu trac 1 H-indole-2-carbohydrazide va
1 H-indole-3-carbohydrazide. Trong khi d6, dan chit mang
nhom thé -Cl, -OH chi cho tac dung & cAu truc 1H-indole-
2-carbohydrazide.

5. Két luan

Nghién ctu di tong hop dwoc 6 din chit indole
carbohydrazide va thir hoat tinh gy doc té bao in vitro trén
dong té bao ung thu rudt két nguoi HT-29. Két qua cho thiy,
¢ 4 dan chat IL, I, 1T va II, thé hién hoat tinh gay doc té
bao trén dong té bao ung thu thir nghiém vai gia tri IC,, nam
trong khoang 1,72-48,85 uM. Trong d6, din chat IT, cho
hoat tinh manh nhat voi gia tri IC, ;= 1,72 £ 0,29 uM. Két
qua nghién ciru trén di cung cap nhiing thong tin quan trong
cho co so dir lidu vé nhitng hop chat c¢6 hoat tinh gay doc té
bao ung thu, gop phan dinh hudng cho nhitng nghién ciru
tong hop tiép theo, tim kiém hop chit gay doc té bao ung
thu tir cac din chat mang khung chét indole carbohydrazide
theo phuong phéap tong hop hoa hoc.

LO1 CAM ON

Nghién ctru dugce hoan thanh nhd mét phan kinh phi tir
Dé tai Truong Pai hoc Y Dugc, Pai hoc Hué - ma sb 14/22,
tac gia xin chan thanh cam on.
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