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(54) HOP CHAT INDIRUBIN VA PHUGNG PHAP TONG HQP HOP CHAT NAY

(57) Sang ché dé xuat dan xuét cia indirubin, hop chat dugc phan lap va tong hop tur 14 cua
cdy cham méo strobilanthes cusia, va phuong phap tong hop cac hop chat nay. Cu thé hon,
sang ché dé xuat hop chit c6 cong thire (I) va phuong phéap tong hop cac hop chat nay:
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Cac hop chat theo sang che co hoat t1nh gy doc té bao dbi v&i bon dong té bao nhu ung
thu phdi ¢ nguodi (Human lung carcinoma, LU), ung thu biéu mé v (Human breast
adenocarcinoma, MCF7), ung thu gan ¢ nguoi (Human hepatocellular carcinoma, HepG2)
va ung thu ¢b tir cung & ‘nguoi (Human cervix carcinoma, Hela). Ngoai ra, mot s6 hop chét
nay con c6 kha nang chéng déng mau hodc chdng tap két tiéu cau.
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Linh vie k§ thuat dwoc dé cap

Sang ché lién quan dén linh vuc téng hop hitu co va tim kiém cac hop chét c6 phd
hoat tinh rong co nguén gbc tir thién nhién. Cu thé hon sang ché xuit cic din xuét cia
indirubin, 12 hop chét duoc phén 1ap va téng hop tir 14 cta cdy cham meo strobilanthes
cusia, ¢6 hoat tinh gdy doc té bao, hoat tinh chdng dong mau va phuong phap téng hop
cac din xuét nay.

Tinh trang k¥ thuit ciia sang ché

Ung thu 1a mét trong nhing cén bénh nguy hlem gdy tir vong hang dau trén toan
thé gi6i ciing nhu tai Viét Nam. Théng ké cho thay mdi nim & Viét Nam c6 thém it nhét
150.000 truong hop méc ung thu méi, ding déu 1a ung thu tryc trang, da day, tién luyét
tuyen va ph01 & nam gidi va ung thu vi, ung thu ¢ tir cung, truc trang va thuc quan & nir
gi6i. Viéc tim kiém cac phuong thuéc méi dé phong va diéu tri bénh ung thu trén thé
gi6i cling nhu tai Viét Nam dang dugc ddy manh, trong d6 viéc phat hién cac duge chat
md&i c6 ngudn gde tir thién nhién dang 1a mot nghién ciru ddy tiém nang.

Céc hop chét khung indol ludn thu hiit dugc su quan tdm ctia cac nha khoa hoc do
cac hop chét chira khung nay ludn hién dién nhiéu trong co thé séng véi nhitng vai tro
sinh hoc quan trong (serotonin, tryptophan). Nhiéu hop chit ding dé diéu tri cic bénh
khac nhau ciing chira khung indol, nhur cic hop chit chdng ung thu viblastin, vincristine,
cediranib, thudc ting cudng mién dich oglufanide, thudc chéng virut arbidol hay thubc
chen thu thé beta bucindol. Trong thuc vat, dong vit, cac hop chét khung indol dugc sinh
ra tir chorismate qua nhiu buéc dé tao thanh khung indol va chuyén héa thanh nhiéu cac
hop chét qui mang khung nay (xem, O.Ma, X. Zhang, Y. Qu (2018).” Biotransformation
of indole advances and perspectives”, Frontier in Microbiology, 9, articles 2625).

Mot trong nhitg hop chit khung indol dang thu hut dugc nhiéu sy quan tdm cia
cac nha nghién ctru 1a indirubin. Hop chét nay co thé tim thdy & mot s loai thuc vat ho
cham hodc céac nhuyen thé thudc ho éc bién (Muricidae). Cung v6i indigo, isoindigo
chiing 13 nhimg ddng phan vi tri nhém chitc ciia nhau véi cdu tric sau:

O .o |..!
CL—C
N
H -0
Indigo Indirubin Isoindigo

Mic du cac chat nay c6 cung cong thirc phan tr va dang cau tao bisindol, nhung
do su khac nhau ca v€ khong gian va vi tri cdc nhém thé xung quanh noi doi thudc ca hai
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vong nén chiing c6 nhitng tinh chét khac nhau ma d& nhan nhat 14 mau sic. V& céu tric
phan tir, indigo c6 ciu tric ddi xtng va phan tir ctia né bi khoa chit béi hai lién két
hydro ctia nhém C=0 vi tri 2 va N1°-H ciing nhu lién két hydro N1-H va C=0 vi tri 3. O
indirubin chi ton tai mét lién két hydro N1°-H va C=0 & vi tri 2, dic biét hai mat phing
chira khung indol bi 1&éch nhau 4° do sirc cing 1ap thé. Ngoai ra, & dang tinh thé, ciing da
phat hién ra dang lién két hydro lién phén tir, ddy 12 nguyén nhan chinh khién indirubin
c6 nhiét dd néng chay cao, do tan kém trong tit ca dung méi da biét, cling nhu mau cia
n6 & trang thai tinh thé (xem, H. Pandraud (1961). “Structure cristalline de I’indirubine.
Acta Crystallographica”, 14, 901-908).

Indirubin 12 mot alkanoid, véi tén goi theo hé théng IUPAC: (3Z)-3-(3-Oxo-1,3-
dihydro-2H-indol-2-yliden)-1,3-dihydro-2H-indol-2-on, 14 hop chit duoc x4c dinh 13 ¢6
trong 1a cham meo khod strobilanthes cusia c6 tac dung chita bénh ung thu. Ngoai ra, chét
ndy con c6 thé gdy ra hién tuong tu chét ciia nhidu loai té bao ung thu khac nhu va 6 tac
dyng tng ché qua trinh di can cia ung thu, gitp bénh ung thu nhén kéo dai thoi gian
sdng ma khong hé gay ra cac tac dung phu no nhu diéu tri bing xa tri, hoa chit.

O Viét Nam, indirubin dugc Nguyén Manh Cudng va cac cdng su phan 14p 1an
dau nam 2007 tir loai cham meo strabilanthes cusia, mot loai thuc vat than thudc duoc
ba con dan tdc trén kha"lp ca nude sir dung lam nguyén liéu dé nhudom quén 40, vai voc
v6i thanh phan chinh 14 cham indigo. Do indirubin chi 1 san phim phu trong qua trinh
sinh téng hop cham indigo, nén dé cd thé thu luong 16n phuc vu cho cc muc dich nghién
ctru va tmg dung, nhom tac gia da tong hop indirubin & quy md 16n bang phan Ung cua
indoxyl axetat thu dugc tir dich chiét 1a loai strabilanthes cusia bang nudc néng véi
isatin trong méi trudong kiém (xem, NM Cuong, P.N. Khanh, V.T. Ha, T.T. Huong, N.T.
Tung, N.T. Cuc, D.T. Thao (2016). “Semi-synthesis of indirubin-3'-oxime from
strobilanthes cusia leaves, its acute and sub-chonic toxicity, in vitro and in vivo
antitumor activity in Lewis lung carcinoma bearing mice”, Journal of Pharmacognosy
and Phytochemistry, 5(4), 292-301).

Trong tu nhién, indirubin ciing 14 cac thuéc nhudém dugc chiét tach tir cac loai
thuc vét chira indigo nhu Isatis sp. (ho Brassicaceae); Polygonum sp. (ho polygonaceae)
va Indigofera sp. (ho Fabaceae) hoic tir tuyén mang ctia mét s nhuyén thé cia cac loai
nhu Hexaplex tranculus; Bolinus brandacis, Nucella lapillus, Rapana venosa va
Plicopurpura sp. (ho Muricidea). Nhin chung, qua trinh chiét tich indirubin dugc tién
hanh bing cach ngdm chiét miu thuc vat; nhuyén thé trong cic dung méi huu co phan
cuc nhu metanol, axeton, DMSO, DMF & nhiét d§ cao. Ngoai ra, cac phuong phap dugc
hd trg béi siéu am phuong phéap chiét dong siéu to1 han (SFE) ciing dugc sir dung nhat 1a
& quy mé cong nghiép va cho thay hiéu qua tdt.

Indirubin c6 c4u tric kha dic biét va sé hitu nhiéu hoat tinh mong muén nhu nhu
hoat tinh chéng ung thu, hoat tinh chong virut, hoat tinh khang viém, v.v., nhung quan
trong nhit va ciing dang quan tAm nhét 13 hoat tinh chdng ung thu méau va mot sé dong
ung thu khic. Chinh hoat tinh nay lam cho cac nghi€n ctru khai thac st dung theo cac
hoat tinh khac it dugc quan tdm hon. Nghién ciru hoat tinh chéng ung thu ciia indirubin
da chi ra rang tac dung chong ung thu cta indirubin ¢ dugc l1a do sy e ché qua trinh
sinh tong hop ADN trong t& bao ung thu ma it 4nh hudng dén tdng hop protein. Ngoai
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ra, indirubin con tac dong tich cuc dén té bao tuy ciia bénh nhén ung thu. Danh gia tac
dong cua indirubin dén cac enzym quan trong lién quan dén pha cudi qua trinh phan chia
té bao cho thiy indirubin va mét sé din xuét ciia né c6 thé ngdn chdn su hoat hoéa cia cac
enzym kinaza phu thudc phirc enzym con goi 1a CDK1/cyclin B va CDK5/P25. Mot
trong nhitng tic dung dang quan tim khac ciia indirubin ciing dugc dé cap 1a tic dong
tich cuc 1én hé mién dich & nhitng bénh nhan bi rdi loan hé mién dich khi sir dung né
trong thoi gian dai.

Mic di indirubin sé hitu nhiéu hoat tinh mong mudn c6 thé khai thac dic biét 1a
hoat tinh chéng ung thu di dugc biét rdt som trong bai thudc cb truyén Pai Thanh,
nhung tré ngai 16n nhét cia né khi sir dung trong linh vuc y dugc chinh 1a d¢ tan kém
trong tt ci cac dung moi thong dung da biét, dic biét 1a nude. Do do, viéc md rong ung
dung ctia hop chit nay trudc hét phai cai thién dugc df tan cta chiung va huéng dugc céc
nha khoa hoc quan tdm va thuc té nhit 13 can thi€p hoa hoc vao phan tir indirubin. Muc
dich clia cdc nha héa hoc 1a tao ra cac din xuat c6 hoat tinh tét, d& tan hon trong nuéc
hogc lam thay d6i hé lién hop phan tir cling nhu lién két hydro trong phan i indirubin.
Din xuét dién hinh nhét va ciing 12 din xuit khéi ddu duoc cho 1a thanh cong nhat dén
thoi diém hién tai dap vmg cac tiéu chi trén 12 indirubin-3'-oxim.

Cu thé hon, din xut nay dugc Farbwerke Hochst tdng hop thanh c6ng ndm 1913
bang phan tmg cua indirubin voi hydroxylamin trong pyridin. Su xuit hién ciia nhém
oxim trong phén tir indirubin gitip cho dd tan cia no trong cac dung moi va hoat tinh sinh
hoc ting 1én dang ké.

o H¢
N = HCIH-N-OH
W -
SN -NH bazo, dung moi
Mo
Indirubin Indirubin-3’-oxim

Nim 2010, nhém nghién ctru cia Nguyén Manh Cuimg da str dung etanol lam
dung mdi thay cho pyridin dé thu dugc indirubin-3'-oxim véi d6 sach hon 98% (xem,
NM Cuong, P.N. Khanh, V.T. Ha, T.T. Huong, N.T. Tung, N.T. Cuc, D.T. Thao (2016).
“Semi-synthesis of indirubin-3"-oxime from strobilanthes cusia leaves, its acute and sub-
chonic toxicity, in vitro and in vivo antitumor activity in Lewis lung carcinoma bearing
mice”, Journal of Pharmacognosy and Phytochemistry, 5(4), 292-301).

Tiép tuc nghién ctru chuyén hoa hop chét nay, nhém di téng hop duge N1-
axetylindirubin bang phan tmg cia indirubin véi anhydrit axetic trong pyridin cung véi
dan xut alkyl héa & vi tri OH ctia nhém oxim tir indirubin-3'-oxim (xem, N.M. Cuong,
B.H. Tai, D.H Hoan (2010). “Studies on acetylation and NMR reassignment of
indirubin derivatives”, Natural Product Reseach, 24(2), 99-105; N.M. Cuong, B.H. Tai,
D.H. Hoan, P.Q. Long, EM. Choi, Y.H. Kim (2010). “Synthesis and anti-osteoporosis of
two new indirubin-3'"-oxime derivatives”, Journal of the Korean Society for Applied
Biological Chemistry, 53(1), 22-26).
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Mbt chuyén héa khac ciing duoc nhém nay bdo cdo nam 2018, theo d6 phan tng
tao vong epoxy & vi tri N1 cda indirubin va OH cda oxim nhdn dugc khi st dung
epichlohydrin rong méi trudng kiém trong sy c6 mit ciia xuc tac chuyén pha (xem, N.T.
Dan, N.T. Giang, V.V. Truong, N.V. Tai, N.M Cuong, T.D Cuong, L.V. Chinh, T.K. Vu
(2018). “Synthesis of New Indirubin Derivatives and Their In Vitro Anticancer Activity”,
Chemical Papers, 73(5), 1083-1092). Viéc m& vong cac hop chit nay véi cac thiadiazol
dé tao ra cac san phdm cua indirubin ¢6 chira hop phn thiadiazol.

trong do:

Céc de~1n Xuét trén ddy duoc danh gia hoat tinh gy doc té bao, két qua cho théy chi
¢6 4 trong s6 8 dan xuét thu dugc bang phan mg m¢ vong epoxy ¢ nhém oxim voi cac
thiadiazol thé hién hoat tinh gdy doc cac dong té bao ung thu SW480, LU, HepG2 va
HL60, tuy nhién kha yéu véi cac gia tri ICso trong khoang tir 9,52 — 19,24 puM. Trong
cung diéu kién thir nghiém nhu véy, cac dan xuét duoc tao ra bang phan img mé vong
epoxy & vi tri N1 ca indirubin véi ciing cac thadiazol thé hién hoat tinh t6t hon, dic biét
c6 2 dan xuit thé hién doc tinh véi ca 4 dong té bao ung thu LU, HepG2 véi cac gia tri
ICso trong khoang tir 1,35-4,53 pM.

Ngoai cac din xuét thu dugc bing cach can thiép hoa hoc vao vi tri N1 cua
indirubin hay OH ciia oxim, nhiéu cac din xuét khac cia indirubin ciing dugc tdng hop.
Tuy vay hau hét cac din xuét nay déu thu duoc bing cach téng hop hoa hoc thuln tay tir
cac din xuét cia indoxyl va isatin (xem, S. Nam, R. Buettner, J. Turkson, D. H. Kim, J.

-5
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Q. Cheng, S. Muehlbeyer, F. Hippe, S. Vatter, K. H. Merz, G. Eisenbrand, R. Jove
(2005). “ Indirubin derivatives inhibit stat3 signaling and induce apoptosis in human
cancer cells”, Proceedings of the National Academy of Sciences of the United States of
America, 102, 17, 5998-6003; G. Karapetyan; K. Chakrabarty; M. Hein, and P. Langer
(2011). “Synthesis and Bioactivity of carbohydrate derivatives of indigo, its isomers and
heteroanalogues”, MedChemMed, 6, 25-37; M. E. Jung; B. J. Byun; H. M. Kim; J. Y.
Lee; J H. Park; N. Lee; Y. H. Son; S. U. Choi; K. M. Yang: S. J. Kim; K. H. Lee; Y. .C
Kim; G. Choi (2016). “Discovery of indirubin derivatives as new class of DRAK2
inhibitors from high throughput screening”, Biorganic Medicinal Chemistry Letters, 26,
2719-2723; M. Sano, Y. Ichimaru, M. Kurita , E. Hayashi, T. Homma, H. Saito ;
S.Masuda; N. Nemoto, A. Hemmi ; T. Suzuki; S. Miyairi , H. Hao (2017). “Induction of
cell death in pancreatic ductal adenocarcmoma by indirubin 3'-oxime and 5-
methoxyindirubin 3'-oxime in vitro and in vivo”. Cancer Letters, 397, 72-82).

Ban chét k§ thuit ciia sang ché

Muc dich cua sang ché 1a dé xut cac hop chét c6 phd hoat tinh rong cé ngudn gbc
tir thién nhién, cu thé hon 1a dé xuét cac din xuét cta indirubin, ma dugc phan 1ap va
tdng hop tir 14 ctia ciy cham meéo strobilanthes cusia, c6 hoat tinh gay dc té bao va
phuong phap téng hop cac din xuét nay.

Céc hop chét nay thé hién hoat tinh hoat tinh giy doc té bao, tt hon 14 hoat tinh
gdy doc té bao ddi véi bon dong té bao nhu ung thu phdi & nguoi (Human lung
carcinoma, LU), ung thu biéu mé vii (Human breast adenocarcinoma, MCF7), ung thu
gan & ngudi (Human hepatocellular carcinoma, HepG2) va ung thu cb tir cung ¢ nguoi
(Human cervix carcinoma, Hela). Ngoai ra, mdt s6 hop chét theo sang ché con c¢6 kha
nang chbéng déng mau hoic chdng tap két tiéu cau.

Muc dich khac cia sang ché 1a d& xuit phuong phap téng hop cac chit nay don
gian, hiéu suét 6n dinh, thuc hién ¢ diéu kién ém dju than thién v6i moi truong. Phuong
phap nay khong can phai tién hanh budc phéan 1ap cac hop chét trung gian, tiét kiém hoa
chét dung moi.

Pé dat dugc muc dich néu trén, theo mot khia canh, sang ché dé xuit hop chét c¢6
cong thuac (I):

AN Ve d
Q‘\/i N é‘g
ey
trong do:
Ho
;&Wc%g

X 1a O hoac N-ORy, va trong d6 Ry dugc chontr H, > ;va
trong do6:
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"'ECHQC CHy
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f\ v ffrg\\f,,.\ FA_S  NTN-s0.CH,
< \/{ OH 1 = O H;,C]J
R> duoc chon tir H, ., OH ,

Theo mot phuong 4n dugc wu tién, hop chét c6 cong thirc (I) 13 hop chit c6 cong
thirc:

Theo mdt phuong 4n dugc wu tién khac, hop chit ¢6 cong thic (I) 13 hop chét co
cong thirc:

Theo mdt phuong 4n dugc vu tién khac nita, hop chit ¢6 cong thire (I) 1a hop chét
c0 cong thirc:

Theo mét phurong 4n dugc wu tién khac nita, hop chét c6 cong thire (I) 13 hop chét
co6 cong thirc:
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Theo mdt phuong 4n duoc wu tién khéac nira, hop chét c6 cong thire (I) 1a hop chit
c6 cong thuec:

OH

Theo mdt phuong 4n duge wu tién khéc nita, hop chét co cong thire (I) 1a hop chét
c6 cong thuc:

 Ngoai ra, theo mot khia canh khac, sang ché @& xuét phuong phéap téng hop hop
chat c6 cong thire (I), phuong phép nay bao gom cac budc:

i) cho hop chit indirubin c6 cong thirc:

phan ng vé6i din xuit halogen trong DMF khan véi su ¢6 mit cia chit xic tac
chuyén pha, tot hon 1a tetrabutylamoni bromua, va chat xac tac kiém dugc chon tir nhom
Cs2C03, K2CO3, KI, NaOH va NaH;

ii) chuyén hoa bang cach ngung tu cic chét trung gian thanh oxim sir dung N-
dimetylaminopyridin (DMAP).

Theo mot phuong 4n dwgc wu tién, trong d6 chit xuc tac s dung bao gdm
tetrabutylamoni bromua va KI.

Theo mot phuong an dugc uu tién khéc, trong d6 phéan tmg dugc thyuc hién trong
khoang tir nhiét d¢ phong den 50°C.

MG ta viin tit hinh vé

Sau ddy, sang ché s& dugc mo ta thong qua cc phuong an cu thé dugc vu tién voi
su tham chi€u dén hinh v&, trong do:

Fig.1 1a hinh v& mé ta so d téng hop cic hop chit theo mot phuong 4n cu thé
dugc uu tién theo sang che.
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M0 ta chi tiét sang ché

Séang ché s& dugc mo td mdt cich chi ti€t hon nita thong qua cac phuong an dugc
uu tién chi véi muc dich minh hoa cho sang ché. Do d6, sang ché khong bi gi6i han chi &
cac phuong an cu theé dugc uu tién nay.

Ngoai ra, rd rang 13, ngudi c¢6 hiéu biét trung binh trong linh vuc nay, trén co s&
n6i dung bdc 16 trong ban md ta ndy, c6 thé bién dbi sang ché theo cac cach tuong duong
khac nhau nhu thay dbi cac thanh phdn/nguyén liéu véi dic tinh/chirc nang twong duong
v6i thanh phan/nguyén liéu, v.v., dugc mé ta trong ban mé ta nay.

Trong ban md ta nay, thuét ngir “khoang” trude cac gia tri sd dugc dung dé chi
chinh gia tri sb do ciing nhu cdc gia tri s6 nam trong khoang + 10%, t6t hon 1a + 5%, va
t6t nhét 1a chi chinh gia tri s do.

Hop chét theo sang ché

Sang ché st dung hop chit indirubin aé tong hop cac dan xuit c6 phd hoat tinh
rong nhu tac dung gy doc in vitro mot sé dong té bao ung thu nguoi nhu ung thu phdi
LU, ung thu gan HepG2, ung thu vii MCF7 va ung thu co tir cung Hela va tac dung tac
dung chdng déng mau invitro.

Cu thé hon, theo mot khia canh, sang ché d& xuat hop chét c6 cong thirc (I):

g,

D
trong do:
H‘O\/

3 :\/DIO’- 030
X 1a O hodc N-OR;, va trong d6 R; dugce chon tir H, "3V
trong do:

s HsC CHs
PN Ade gy . N j N
° }%{ \m F’Q:’FIKN’;J\?,—‘SGQCHQ
. O HC

Rz duoc chon tir H, OH OH | ,

Theo mét phuong an duge uu tién, hop chét c6 cong thirc (I) 12 hop chit co cong
thirc:
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(sau day con dugc goi 1a THHC1). )
Theo mdt phuong an dugce uu tién, hop chat c6 cong thirc (1) 1a hop chat ¢6 cong
thirc:

5

Z
(sau day con dugc goi la THHC?2).

Theo mdt phuong an dugc wu tién khac nita, hop chat c6 cong thire (I) 13 hop chat
c0 cong thuc:

(sau day con duogc goi la THHC3).

Theo mdt phuong 4n dugc wu tién khac nira, hop chit ¢ cong thire (I) 12 hop chit
cO cong thirc:

(sau day con dugc goi 1a THHC4).

Theo mot phuong 4n dugc wu tién khac nita, hop chat c6 cong thirc (I) 1a hop chit
co cong thuec:

(sau day con dugc goi 1a THHCS).

Theo mdt phuong 4n duoc uwu tién khéc nita, hop chét c6 cong thirc (I) 1a hop chét
cO cong thirc:

-10-
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CHa

(sau day con dugce goi 1a THHCG).

Hop chét c6 cong thire (I) va cac hop chét dugc uu tién THHC1-6 theo sang ché
thé hién hoat tinh gdy doc té bao va hoat tinh chéng tap két tiéu ciu (ma s& duoc mo ta
mot cach chi tiét hon dudi day). Cac hop chat THHC2 va THHC6 c6 hoat tinh gy doc té
bao cao trén ci 4 dong té bao ung thu thir nghiém bao gbm ung thu phéi & ngudi (Human
lung carcinoma, LU), ung thu biéu mo v (Human Breast adenocarcinoma, MCEF7), ung
thu gan & ngudi (Human hepatocellular carcinoma, HepG2) va ung thu ¢6 tir cung ¢
nguoi (Human cervix carcinoma, Hela). Hai hop chit nay con thé hién kha nang chéng
tap két tiéu cau tdt thong qua thir nghiém chéng d6ng méu, trong d6 hop chat THHC6
thé hién hoat tinh nay rat t6t & ca hai ndong dd 100 va 50 pug/mL va déu tét hon so véi
chét chuin aspirin (xem, phan mé ta sau day). Cac thi nghiém nay cho thiy cac hop chét
theo sang ché c¢6 tiém ning phat trién thanh thudc chéng ung thur va dot quy.

Phuong phép tong hop

Theo mot khia canh, sang ché con dé ‘xuét phuong phép téng hop hop chat c6
cong thirc (I) trén day, phuong phap nay bao gom cic budc:

i) cho hop chét indirubin c¢6 cong thic:

phan tmg véi dan xuit halogen trong DMF khan véi su c6 mit cua chét xuc tac
chuyén pha tetrabutylamoni bromua va chat xuc tac kiém dugc chon tir nhom Cs2COs3,
K>2COs, KI, NaOH va NaH;

ii) chuyén hoa bang cach ngung tu cic chit trung gian thanh oxim sir dung N-
dimetylaminopyridin (DMAP).

Theo mdt phuong 4n cu thé duge wu tién va nhu dugc mod ta trong Fig. 1, phuong
phap téng hop cac din xuit méi trén ddy chira cdc nhom thé khac nhau cta indirubin va
indirubin-3'-oxim & vi tri N1 theo sang ché bing cac phan tmg N-alkyl hoa sir _dung xic
tac chuyén pha, tt hon 1a tetrabutylamoni bromua (TBAB), va céc xic tac kiém ma t6t
hon 13 dugc chon tir nhdm bao gom Cs2COs, K2COs, KI, NaOH va NaH, trong DMF
khan hoic DMF-EtOH, va sau d6 ngung tu tao oxim.
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Theo mot phuong 4n cu thé hon, sang ché @ xuit phuong phap tdng hop cac din
xuat nhu duge mo ta trén day, dic trung & cho:

chit xtc tac dugc st dung bao gdm chit xuc tic chuyén pha tetrabutylamoni
bromua va chat xuic tac bazo dugc chon tir nhdm bao gdm natri hydrua, kali cacbonat va
natri hydroxit.

dung mdi: DMF va etanol
nhiét d6 phan tng: tir nhiét do phong (sau ddy, con goi 1a RT) dén 50°C

Theo mdt phuong an cu thé dic biét dugc wu tién, hop chét ban du va cac chét
dung de€ tong hop céc dan xuat cta indirubin theo sdng ché dugc mo ta trong Bang 1 sau
day.

Béng 1: Hop chét ban diu dé tbng hop cac hop chét theo sang ché

STT | Hop chét ban dau Cong thirc tong quét Ghi chu
1 | Indirubin el Phan 14p tir cay
~" cham meo
O p O strobilanthes cusia
2 |PBr ol s Tong hop tir PBr
5 /”>,N/\ theo céc tai liéu da
Mo biét trong linh vuc
nay
3 | DHA-Br R S Tong hop tir DHA-
Br theo tai liéu da
biét trong linh vuc
nay
4 | DMF, DMSO, DMAP (CH3),N-CHO San pham thuong

mai tor cong ty
Sigma

4 | Hydroxylamin hydro clorua | HO-NH2.HCI San pham thuong
mai tir Trung Qudc
5 | Kali cacbonat, NaH, NaOH | K>CO3 San phém thuong
mai tir Trung Quéc
6 | Epibrom hydrin Br San pham thuong
V\/ mai tor cong ty

Sigma
7 | Bromoetanol OH San pham thuwong
/\/ mai tor cong ty

Br Sigma
8 | N-Dimetylaminopyridin TNT San phim thuong
XN mai tr cong ty

| N Sigma
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Sau do, cécv hop chét thu dugc duoc x4c dinh dac’trun’g dﬁy da badi cac héng s6 vat
ly, céac dit kién pho cong hudng tir hat nhan NMR va pho khoi MS.

Vi du thire hién sang ché

Sau day, sang ché s€ dugc mo ta chi tiet hon thong qua céc vi du chi v6i muc dich
minh hoa hon nira cho sang ché.

Quy trinh N-alkyl hoa indirubin bing hdn hop kiém-xiic tac chuyén pha.
Vi du 1: Téng hop hop chit THHC1

Hoa tan 262 mg (1 mmol) indirubin trong 5 mL DMF, thém vao hdn hop 586 mg
(1,5 mmol) DHA-Br (hop chét dugc téng hop theo phuong phép tong hop duoc mé ta
trong tai li€u Y. Liu, Z. Liu, J. Shi, H. Chen, B. Mi, P. Li, P. Gong (2013). “Synthesis and
cytotoxicity of novel 10-substituted dihydroartemisinin derivatives containing N-
arylphenyl-ethenesulfonamide groups,Molecules, 18: 2864-287), 276 mg (2 mmol)
K>CO3, 166 mg (1 mmol) KI va 32,2 mg (0,1 mmol) tetrabutylamoni bromua (TBAB) va
khudy hdn hop phan g & 35-40 do trong 48 gid. Hon hop duogc d6 vao nuéc da, khudy
déu hdn hop 15 phut. Loc két tia, rira k§ bang nudc, 1am kho trong chan khong thu duoc
hop chit THHC1 thé. Chat THHC1 dugc tinh ché bang sic ki cot/silica gel rira gidi
bang hé n-Hexan (n-H):Axeton thu dugc THHC1, hiéu suit 67%.

Vi du 2: Téng hop chit THHC3

Hoa tan 277 mg (1 mmol) indirubin-3'-oxim (sau day con dugc goi 1a TG3 hodc
THHC?7), ma dugc téng hop tir indirubin véi hydroxylamin trong pyridin theo phuong
phap da biét duoc mo ta trén déy, trong 5 mL DMF, thém vao hdén hop 586 mg (1,5
mmol) DHA-Br, 276 mg (2 mmol) K>COs, 166 mg (1 mmol) KI va 32,2 mg (0,1 mmol)
tetrabutylamoni bromua va khudy hén hop phan tmg & nhiét do phong 36 gid. Hon hop
duge d6 vao nude da, khudy déu hdn hop 15 phut. Loc két tia, rira k§ bing nuéc, 1am
kho trong chan khong thu duoc hop chét 4 thé. Chit THHC3 dugc tinh ché bang sic ki
cot/silica gel rira giai bang hé n-H:Axeton thu dugc san phdm, hidu suét 73%.

Tbng hop chét trung gian TG4

Hoa tan 262 mg (1 mmol) indirubin trong 5 mL DMF, thém vio hén hop thém
vao hdn hop 0,1 ml (1,1 mmol) epibromohydrin, 276 mg (2 mmol) K»COs, 166 mg (1
mmol) KI va 32,2 mg (0,1 mmol) tetrabutylamoni bromua va khudy hdn hgp phan tng &
35-40°C trong 36 gidr. Hon hop duoc d6 vao nuée da, khudy déu hdn hop 15 phit, loc két
tha, rira k§ bing nuéc, 1am kho trong chan khong thu dugc hop chit TG4 thé. Chit TG4
dugc chuyén hoa ngay thanh oxim THHC 4 ma khong can tinh ché.

Tbng hop chit trung gian TG5

Hoa tan 262 mg (1 mmol) indirubin trong 5 mL DMF, thém vao hdn hgp 186 mg
(1,5 mmol) bromoetanol, 52 mg (1,3) mmol NaOH, 166 mg (1 mmol) KI va 32,2 mg
(0,1 mmol) tetrabutylamoni bromua va khudy hdn hop phéan tmg 2 ngay & 50°C. Hon hop
dugc db vao nudce da, trung hoa hdn hop béng HCI loéng, loc két tia, rira k¥ béng nudc,
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lam kho trong chan khong thu dugc hop Ch,é(l'[ TG5 thd. Chit TG5 dugc chuyén hoa ngay
thanh oxim THHCS ma khong can tinh che

Vi du 3: Téng hop chit TG6

Hoa tan 262 mg (1 mmol) indirubin trong 5 mL. DMF, thém vao hdn hop thém
vao hdn hop 624 mg (1,5 mmol) PBr (hop chit dugc téng hop theo phuong phap tong
hop duge mo ta trong tai liéu P.D. Nam, V.V. Truong, N.T. Ddn (2012). “Nghién cwu
quy trinh tong hop mudi canxi rosuvastatin dimg bao ché thudc ha cholesterol mdu”
Tap chi hoa hoc, 50(44), 81-83), 276 mg (2 mmol) K2CO3, 166 mg (1 mmol) KI va
32,2 mg (0,1 mmol) tetrabutylamoni bromua va khudy hén hop phan tmg & 35-40°C
trong 36 gid. Hén hop dugc d6 vao nudc da, khudy déu hdn hop 15 phut, loc két tia, ria
k¥ bang nudc, 1am kho trong chan khéong thu dugc hop chit TG6 thd. Chit TG6 dugc
chuyén héa ngay thanh oxim THHC6 ma khong can tinh ché.

Quy trinh chung cho tdng hop cac chit trung gian st dung NaH/DMF khan

Hoa tan 1 mmol indirubin trong 5 mL DMF khan duéi khi quyén nito, tiép theo
1,1 mmol NaH duoc thém vao. Thém tir tir 1,3 mmol cac chét alkyl bromua vao va
khudy hén hop dudi khi quyen nito qua dém. D6 hdn hop vao nude lanh, khudy déu va
loc taa, rira k§ v6i nude, say kho trong chan khong dé thu cac san phan twong tmg.

Quy trinh chung chuyén héa céc din xuat ctia indirubin thanh cc oxim twong g

Hoa tan cac din xuét cta indirubin & trén thu duge tir 1 mmol indirubin ban dau
trong 6 ml dimetyl sulfoxit (DMSO), thém vao hdén hop 245 mg (5 mmol) N,N-
dimetylaminopyridin (DMAP) va 347,5 mg hydroxylamin hydroclorua, khuéy hdn hop
phén tmg & 50 d6 tir 24 dén 48 giv. Két thuc phan tmg, hdn hop dugce db vao nude da,
khudy déu 15 phut, loc két tua, rira k§ bang nudc, lam kho trong chén khong thu duge
cac oxim thd. Cac oxim thé duoc tinh ché bang sic ki cot/silica gel rira giai bang hé n-
H:Axeton 2:1

MBb ta phan tmg diéu ché oxim TTHC2

Hoa tan toan bd hop chét trung gian THHCI trong 6 ml DMSO, thém vao hdn
hop 610 mg (5 mmol) DMAP va 347,5 mg hydroxylamin hydroclorua, khudy hdn hop
phan tng & 50 d6 qua dém. Hdn hop dugc db vao nude da, khudy déu 15 phut, loc két
tla, rira k§ bang nudc, lam kho trong chan khéng thu dugc oxim THHC2 thd. Oxim
THHC?2 dugc tinh ché bang séc ki cot/silica gel rira giai bang hé n-H:Axeton 2:1

Trong phin mé ta trén day va nhu duoc liét ké trong Bang 1, cac hop chit DHA-
Br, PBr 1an lugt c6 cong thirc sau:

H CHj
He— N/802CH3
Br
\ ,\’?/ “CH,
F
PBr
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Céc dic tinh hoa 1y va dit liéu phd khdi

. Cac hop chét thu duogc sau qud trinh tong hop dugc xac dinh cac ddc trung bdi cac
hang so vat ly, cac dit kién pho NMR va MS. Két qua dugc tong hgp trong Bang 2 sau
day.

Bang 2 - Pic tinh hoa ly va dir liéu phd khdi cua cac hop chit thu dugce

Ki hiéu chit | Céngthirc | Nhiét dd nong | Rf Hiéu suét Dit liéu phd khdi

(mau) phén tir chay (°C) [M+H]*

THHC1 C33H36N207 195-197 0,45 57% 573.,2601
(bo)

THHC2 C33H37N307 182-184 0,4 80% 588,2710

(Bé co)

THHC3 C33H37N307 119-121° 0,4 63%** 5882710
(bo)

THHC4 C19H17N304 227-229 0,37 51%** 352,38
(bo)

THHCS C1sH15N30;3 248-250 0,3 44%** 322,41
(Do)

THHC6 C32H290FNg 279-281 0,45 67%** 613,2028

(Do dam) 048

Hé dung moi n-hexan:axeton 3:1;
* phan huy
** hidy sudt tong
Céc dic trung phd NMR cita cac hop chit
THHC1

Hiéu suit 57%; "H-NMR (DMSO-ds, 500 MHz), & (ppm): 11,10 (s, 1H, N'1-H),
8,82 (d, J = 7,5 Hz, 1H, H-4); 7,63 (d, J = 7,5 Hz, 1H, H-4"); 7,57 (dt, J; = 1Hz, J> = 7.5
Hz, 1H, H-6"); 7,44 (d, J = 7,5 Hz. 1H, H-7"); 7,32 (dt, J; = 1Hz, J; = 7,5 Hz, 1H, H-6);
7,19 (d, J = 7.5 Hz, 1H, H-7); 7,07 (t, J = 7,5 Hz, 1H, H-5), 7,02 (t, J = 7,5 Hz, 1H, H-
5", 4,63 (s, 2H, H-12", H-10"); 4,29 (m, 1H, N1-CHz4-); 4,21 (m, 1H, 10"-CHas-); 3,89
(m, 1H, , N1-CHa-); 3,52 (m,1H, 10"-CHap-); 2,23 (m, 1H, H-9"); 2,00 (m, 1H, H-4"a);
1,79 (m, 1H, H-4"b); 1,55 (m, 1H, H-5"a); 1.17 (m, H-8"), 1,13 (s, 3H, H-15"); 1,00 (m,
1H, H-8"A); 0,94 (m, 1H, H-5"b); 0,85 (m, 2H, H-5"a, H-7"a); 0,68 (d, J = 7,5 Hz, 3H,
H-13"); 0,54 (s, 3H, H-14"); 0,48-0,59 (m, 2H, H-6", H-7"b). BC-NMR (DMSO-ds, 125
MHz), & (ppm): 188,5 (C-3"); 169,2 (C-2); 152,5 (C-T'a); 141,2 (C-7a); 138,4 (C-2');
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137,2 (C-6"); 129,0 (C-6); 124,4 (C-4"); 124,3 (C-4); 121,6 (C-3a); 121,3 (C-5"); 120,6
(C-5); 119,0 (C-3'a); 113,4 (C-7"); 108,9 (C-7); 105,7 (C-3); 103,0 (C-3"); 100,1 (C-10");
86,6 (C-12"); 80,1 (C-12A); 62,5 (10"-CH»-); 51,7 (C-5"A); 43,4 (C-8"A); 39,4 (N1-
CH>»-); 36,3 (C-6"); 35,8 (C-4"); 33,9 (C-7"); 25,4 (C-9"); 23,9 (C-15"); 23,9 (C-5"), 23,5
(C-8M); 19,7 (C-14"); 12,4 (C-13"). ESI-HRMS dugc tinh cho Cs33sH3N2O7: [M+H]"
573,2601, thuc nghi€ém: 573.25953.

THHC2

Hiéu suit 80%; chit rin mau do co. 'H-NMR (DMSO-ds, 500 MHz), & (ppm):
13, 45 (s, 1H, H-oxim); 11,78 (s, 1H, N1'-H); 8,72 (dd, J; = 1,0 Hz, J> = 7,5 Hz, 1H, H-
4), 8,23 (d, J = 7,5 Hz, 1H, H-4"); 7,40 (m, 2H, H-6', H-7"); 7,19 (dt, J; = 1,0 Hz, J> = 7.5
Hz, 1H, H-6); 7,15 (d, J = 7,5 Hz, 1H, H-7); 7,02 (m, 2H, H-5', H-5); 4,62 (s, 2H, H-12",
H-10"); 4,33 (m, 1H, N1-CHz.-), 4,24 (m, 1H, 10"-CH2a-); 3,92 (m, 1H, N1-CH2-); 3,52
(m, 1H, 10"-CH2-); 2,23 (m, 1H, H-9"); 1,99 (m, 1H, H-4"a); 1,77 (m, 1H, H-4"b); 1,53
(m, 1H, H-5"a); 1,13 (s, 3H, H-15"); 1,14 (m, 3H, H-8", H-8"A); 1,01 (m, 1H, H-7"a);
0.93 (m, 1H, H-5"d); 0,84 (m, 1H, H-5"A); 0.68 (d, J = 7,5 Hz, 3H, H-13"); 0,58 (m, 1H,
H-6"); 0,53 (d, J = 6,0 Hz, 3H, H-14"); 0,49 (m, 1H, H-7"b). BC-NMR (DMSO-ds, 125
MHz), 6 (ppm): 169,3 (C-2); 151,2 (C-3"); 145,4 (C-2"); 144,8 (C-T'a); 138,7 (C-7a);
131,9 (C-6"); 127,9 (C-4"); 125,6 (C-6); 122,8 (C-4); 121,8 (C-3a); 121,4 (C-5"); 120,6
(C5); 116,5 (C-3'a); 111,4 (C-7"); 108,1 (C-7); 102,9 (C-3"); 100,0 (C-10"); 98,2 (C-3);
62,7 (10"-CH»-); 51,8 (C-5"A); 43,5 (C-8"A); 38,7 (N1-CH>-); 36,2 (C-6"); 35,8 (C-4");
33,9 (C-7"); 30,2 (C-9"); 25.4 (C-15"); 23,9 (C-5"); 23,4 (C-8"); 19,8 (C-14"); 12,5 (C-
13"). ESI-HRMS dugc tinh cho CssHsgN3O7: [M+H]™ 588,2710, thuc nghiém:
588,27043.

THHC3

Hiéu sudt 63%; chit rin mau dé. 'H-NMR (DMSO-ds, 500 MHz), 5 (ppm):
11,68 (s, 1H, N1'-H); 10,70 (s, 1H, N1-H); 8,62 (d, J = 7,5 Hz, 1H, H-4); 8.15 (d, J = 7,5
Hz, 1H, H-4"); 7,41 (m, 2H, H-6', H-7"); 7,13 (dt, J; = 1,0 Hz, , J: = 7,5 Hz, 1H, H-6);
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6,99 (m, 2H, H-5, H-5"); 6,90 (d, J =7, 5 Hz, 1H, H-7); 5,11 (s, 1H, H-12"); 4,80 (m, 2H,
3'=N-O-CH»-); 4,74 (d, , J = 3,0 Hz, 1H, H-10"); 4,24 (m, 1H, 10"-O-CH2.-); 3,77 (m,
1H, 10"-O-CH2-); 2,31 (m, 1H, H-9"); 2,03 (m, 1H, H-4"a); 1,80 (m, 1H, H-4"b); 1,62
(m, 1H; H-5"a); 1,52 (m, 1H, H-8"a); 1,36 (m, 1H, H-8"b); 1,19 (m, 1H, H-8"A); 1,16 (s,
3H, H-15"); 0,97 (m, 1H, H-7"a); 0,87 (m, 2H, H-5"b, H-5"A); 0,77 (d, J = 7,5 Hz, 3H,
H-13"), 0,58 (s, 3H, H-14"); 0,55 (m, 2H, H-6", H-7"b). 3C-NMR (DMSO-ds, 125
MHz), 8 (ppm): 171,0 (C-2); 151,1 (C-3"), 145,5 (C-2"); 144,1 (C-T7'a); 138,6 (C-7a);
132,7 (C-6"); 128,2 (C-4"); 126,3 (C-6); 123,4 (C-4); 122,4 (C-3a); 121,3 (C-5"); 120,6
(C-5); 116,3 (C-3"a); 111,6 (C-7"); 108,9 (C-7); 103,1 (C-3); 100,7 (C-3"); 100,3 (C-10");
86,7 (C-12"); 80,4 (C-12"A); 76,1 (3"=N-O-CH»-); 65,7 (10"-O-CH»-); 51,8 (C-5"A);
43,7 (C-8"A); 36,5 (C-6"); 35,9 (C-4"); 33,9 (C-7"); 30,5 (C-9"); 25,5 (C-15"); 23,9 (C-
5", C-8"); 19,8 (C-14"); 12,6 (C-13"). ESI-HRMS duogc tinh cho C33H3sN3O7: [M+H]"
588,2710, thuc nghiém: 588,27043.

THHC4

Hiéu suét 51%; chit rin mau d6. 'H-NMR (DMSO-ds, 500 MHz), & (ppm):
13,53 (s, 1H, H-oxim); 11,76 (s, 1H, N'1-H); 8,71 (d, J = 7.5 Hz, 1H, H-4); 8,24 (d, J =
7,5 Hz, 1H, H-4); 7,41 (m, 2H, H-6’, H-7); 7,21 (t, J =7,5 Hz, 1H, H-6); 7,15 (d, J = 7.5
Hz, 1H, H-7); 7,03 (m, 2H, H-5, H-5"); 5,53 (d, J =5,5 Hz, 1H, 2"-OH; 4,07 (m, 1H, H-
2"); 3,99 (dd, J; = 5,0 Hz, J; = 14,25 Hz, 1H, H-1"a); 3,88 (dd, J; = 7,0 Hz, J, = 14,25
Hz, 1H, H-1"b); 3,69 (dd, J; = 4,5 Hz, J> = 11,0 Hz, 1H, H-3"a); 3,60 (dd, J; = 5,75 Hz,
J> = 11,0 Hz, 1H, H-3"b). *C-NMR (DMSO-ds, 125 MHz), § (ppm): 169,3 (C-2);
151,3 (C-3"); 145,5 (C-2"); 144,8 (C-T'a); 139,3 (C-7a); 132,0 (C-6"); 127,9 (C-4"); 125,7
(C-6); 122,7 (C-3a); 121,9 (C-4); 121,6 (C-5); 120,8 (C-5"); 116,5 (C-3'a); 111,6 (C-7'a);
108,3 (C-7); 97.9 (C-3); 68,6 (C-2"); 47,7 (C-3"); 43,4 (C-1").

THHCS

Hiéu suit 44%; chét rin mau do. 'H-NMR (DMSO-ds, 500 MHz), & (ppm):
13,50 (s, 1H, H-oxim); 11,76 (s, 1H, N'1-H); 8,71 (d, J = 7,5 Hz, 1H, H-4); 8,24 (J=17,5
Hz, 1H, H-4); 7,41 (m, 2H, H-6', H-7"); 7,20 (dt, J; = 1,0 Hz, J> = 7,5 Hz, 1H, H-6); 7,12
(d, J=17,5Hz, 1H, H-7); 7,02 (m, 2H, H-5, H-5"); 4,86 (t, J = 5,25 Hz, 1H, 2"-OH); 3,92
(t, J = 6,0 Hz, 2H, H-1"); 3,66 (m, 2H, H-2"). 13C-NMR (DMSO-ds, 125 MHz),
(ppm): 169,1 (C-2); 151,3 (C-3"); 145,4 (C-2"); 144,8 (C-T'a); 139,3 (C-7a); 132,0 (C-6');
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127,9 (C-4"); 125,8 (C-6); 122,7 (C-3a); 121,8 (C-4); 121,5 (C-5); 120,7 (C-5"); 116,5 (C-
3'a); 111,5 (C-7"); 108,1 (C-7); 98,1 (C-3); 58,5 (C-2"); 42,0 (C-1").

THHC6

Hiéu suit 67%; chét rin mau d6 d4m. 'H NMR (DMSO-ds, 500 MHz), 5 (ppm):
13,55 (s, 1H, H-oxim); 11,68 (s, 1H, N'1-H); 8,68 (dd, J; = 0,75 Hz, J,= 7,75 Hz, 1H, H-
4); 8,23 (d, J = 7,75 Hz, 1H, H-4"); 7,80 (m, 2H, H-2", H-6"); 7,46 (d, J= 7,75 Hz, 1H,
H-7"), 7,41 (dt, J; = 0,75 Hz, J, = 7,75 Hz, 1H, H-6"); 7,34 (t, = 8.75 Hz, 2H, H-3", H-
5™), 7.06 (m, 2H, H-6, H-5"); 6,96 (dt, 1H, H-5); 6,57 (d, = 7.75 Hz); 5,20 (s, 2H, Ni-
CH,-5"); 3,55 (s, 3H, 2"-N-CHs); 3,45 (s, 3H, -SO2CH3); 3,40 (m, 1H, 6"-CH (CHs),);
1,04 (d, J = 6,5 Hz, 6H, 6"-CH (CHs),. ¥C NMR (DMSO-ds, 125 MHz), § (ppm):
175,9 (C-6"); 168.,6 (C-2); 165,7 (C-4"); 162,7 (d, J = 246,25 Hz, C-4™); 157,0 (C-2");
151,2 (C-3"); 145,7 (C-2"); 144,7 (C-7'a); 138,2 (C-7a); 134,4 (d, J = 2,5 Hz, C-1");
132,0 (C-6'); 131,6 (d, J = 8,75 Hz, C-2", C-6"); 127.9 (C-4'); 125,5 (C-6); 122,8 (C-4);
122,0 (C-3a); 121,7 (C-5"); 121,0 (C-5); 118,6 (C-5"); 116,4 (C-3'a); 115,4 (d, J = 21,25
Hz, C-3", C-5"); 111,8 (C-7'); 1076 (C-7); 97,4 (C-3); 41,6 (2"-N-CH3); 37,7 (N;-CHa-
5"); 33,1 (-SO2CH3); 31,1(6"-CH (CHs),); 21,4 (6"-CH (CHs),). ESI-HRMS duoc tinh
cho C32H30FNsO4S: [M+H]" 613,20278, thuc nghiém: 613,2028

Vi du 4: Thir nghiém hoat tinh sinh hoc
Thir nghiém hoat tinh gay doc té bao

Phuong phéap thir d6 doc té bao ung thu in vitro duge Vién Ung thu Qudc gia Hoa
Ky (National Cancer Institute — NCI) xac nhén 13 phép thtr d6 doc té bao chudn nhim
sang loc, phat hién cac chét c6 kha nang kim ham su phat trién hodc diét TBUT ¢ diéu
kién in vitro.

Phép thir nay dugc thuc hién theo phuong phap dugc mo ta trong tai li€u Skehan
P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JI, Bokesch H,
Kenney S, Boyd MR (1990) New colorimetric cytotoxic assay for anticancer-drug
screening. Journal of the National Cancer Institute 82(13):1107-1112].

Két qua hoat tinh gy doc té bao

Céc din xudt méi theo sang ché dugc thir kha ning gy doc trén cac té bao ung
thu nguoi bao gdém:

A, LU: Ung thu ph§i 6 nguoi (Human lung carcinoma)
MCEF7: Ung thu bi€u m6 va (Human breast adenocarcinoma)
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HepG2: Ung thu gan ¢ nguoi (Human hepatocellular carcinoma)
Hela: Ung thu c6 tir cung & ngudi (Human cervix carcinoma)

Két qua vé& hoat tinh gy doc té bao trén ddy dugc tong hop trong Bang 3 duéi

. Bang 3: Két qua thir hoat tinh gay doc té bao
STT Hop chat ICso (ng/mL)
LU MCF-7 Hep-G2 Hela

1 THHC1 12,34 5,71 6,59 8,31
2 THHC2 3,05 1,72 1,53 3,41
3 THHC3 28,23 19,39 12,68 12,29
4 THHC4 56,57 49,55 57,22 45,64
5 THHCS 10,14 11,90 10,39 11,92
6 THHC6 1,73 1,45 1,81 2,47
7 Indirubin 69,81 70,65 61,17 49,97
8 Indirubin-3'-oxim 15,73 21,26 20,01 12,29
9 Ellipticin 0,38 0,49 0,46 0,40

Tir két qua trén day, c6 thé thdy ring hop chit THHC2 va THHC6 thé hién hoat
tinh gdy doc té bao manh trén doi vdi ca bon dong té bao thir nghiém va manh hon rat
nhiéu so v6i hop chat doi chung indirubin va indirubin-3'-oxim.

Thr nghi€ém hoat tinh chdng tap két tiéu cau

Thoi gian aPTT (activated partial thromhoplastin time) con goi la thoi gian
cephalin-kaolin. Cu thé hon, xét nghiém aPTT 1a xét nghiém do thoi gian dong cua huyet
tuong tir khi phuc hdi canxi sau khi cho huyet turong 4 véi kaolin (hoat hoa yéu tb tiép
xuc) va cephalin (c6 chirc nang nhu yéu t6 3 tiéu cau). Xét nghiém nay loai dugc anh
hudng cua yeu tb tiép xuc va tiéu cdu cho nén danh gia dugc chinh xac hon cac yeu t6
d6éng mau ndi sinh. Két qua so voi dbi chung (khoang 30-35 gidy). Day la yéu t6 quan
trong nhat dé danh gia hoat tinh chéng déng ciia mau nghién ciru. Thir nghiém chéng
d6éng mau dugc tién hanh theo tai liéu Davie, E. W., Fujikawa, K. and Kisiel, W. (1991)
The coagulation cascade: initiation, maintenance, and regulation. Biochemistry 30,
10363-10370). Két qua dugc thé hién trong Bang 4 dudi day.

Bang 4: Két qua hoat tinh chdng tap két tidu cau

STT Hop chat Nong do aTPP (s)
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100pg/mL 82,4
1 THHC1

50pg/mL 79,2

100pg/mL 137,0
2 THHC2

50pg/mL 90,8

100pg/mL 96,5
3 THHC3

50pg/mL 71,9

100pg/mL 86,7
4 THHC4

50pg/mL 75,5

100pg/mL 105,7
5 THHCS

50pg/mL 79,1

100pg/mL 128,2
6 THHC6

50pug/mL 107,6

100pg/mL 103,1
7 Indirubin

50pg/mL 91,2

100pg/mL 91,2
8 Indirubin-3"-oxim

50pg/mL 73,5

Chat chudn aspirin: thoi gian déng mdu la 77 gidy tai nong dé: 33,33%

Tir két qua trén day, c6 thé thiy rang hai hop chdt THHC2 va THHCS thé hién
hoat tinh chong déng kha tét v6i thoi gian dong mau & ndng dd 100pg/mL 14n luot 1a
137,0 gidy va 128,2 gidy trong khi aspirin & nong do 33,33% c6 thoi gian dong 1a 77
gidy, con cac chat dau indirubin va indirubin-3'-oxim c6 thoi gian dong méau & 100 w/mL
1an luot 1a 103 va 91,2 gidy. Piac biét hop chdt THHCS thé hién hoat tinh nay kha manh
ngay ca & ndng dd 50ug/mL véi thoi gian dong 12 107,6 gidy

Hiéu qua c6 lo1 cua séng ché

Séng che dé xuét phuong phap téng hop cac din xudt méi cta indirubin c6 hoat
tinh gay doc té bao va hoat tinh chéng tap két tleu cau. Céc hop chit THHC2 va THHCo
c6 hoat tinh gy doc té bao cao trén ca 4 dong té bao ung thu thir nghiém bao gdm Ung
thu phdi & nguoi (Human lung carcinoma , LU), MCF7: Human Breast adenocarcinoma
(ung thu bidu md va), HepG2: Human hepatocellular carcinoma (Ung thu gan & nguoi)
va Hela: Ung thu c6 tir cung & 'nguoi (human cervix carcinoma. 2 ‘hop chét nay ciing thé
hién kha nang chéng tap két tidu cau tbt thong qua thir nghiém chéng déng mau trong do
hop chét 6 thé hién hoat tinh nay 4n tuong & ca 2 nong do 100 va 50 pg/mL va déu tdt
hon so voi chét chuan aspirin. Cac thir nghiém ban dau cho thy hai hoat chét nay co
tiém nang phat trién thanh thudc chéng ung thu va dot quy.

-20-



32137

Ngoai ra, phuong phap tong hop theo sang ché duoc tao ra trén co so nghién ciru
hoan thién quy trinh tong hop, t6i wu héa céc hoa chét, didu kién thyc hién nham don
gian hoa dé rat ngin thoi gian thyuc hién, hiéu suét on dinh, thuc hién & diéu kién ém diu
than thién v61 méi truong. Phuong phap nay khong can phai tién hanh budc phén lap cac
hop chét trung gian, tiét kiém héa chat dung mdi, ddng thoi tao ra hiéu suét tong hgp cao
v6i chi phi san xuat thip, san phim thu dugc voi do tinh khiét cao 6n dinh dé c6 thé thuc
hién viéc san xuit & quy mo cong nghiép va phit hop véi diéu kién tai Viét Nam.

Hon nita, phuong phép theo sang ché duoc cho 1 khong chi hoan toan khéac biét
v6i cac phuong phéap da biét xét vé cac bude thuc hién, didu kién thuc hién, thanh phan
tham gia va luong twong Gmg, ma quy trinh theo sang ché con c6 thé dung 1am co s cho
cac nghién ctru tlep theo trong linh vuc tbng hop hoa hoc. N6i cach khéc, sang ché giai
quyét dugc van @& ca vé tinh thyc tién va hoc thuét. Cu thé 13, quy trinh theo sang ché
phu hop véi diéu kién ché tao va ung dung tai Viét Nam va con dugc st dung lam co s&
tham khao cho c4c nghién ctru tiép theo lién quan trong linh vuc k¥ thuat nay.
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YEU CAU BAO HQ

1. Hop chit c6 cong thirc (I):

trong do:

QIO{D‘*/
X 1a O hodc N-OR;y, va trong d6 Ry dugc chon tir H,
trong do6:

adnH3C, CHg
PO R o \/IN
o 15_’\ F > IN*Q —50,CHs
= T.f\ » ot !;‘J FATRKS
OH I =~ __OH HC
R2 duoc chon tir H, ’ OH | s

trong d6 hop chét néu trén khong bao gdm cac hop chit sau:
1) hop ChE}t v6i X 1a O, Rz 1a H va,
2) hop chat véi X 1a N-OR; trong d6 Ri 1a H va Ry 1a H.

2. Hop chit theo diém 1, trong d6 hop chit nay 1a hop chat c6 cong thic:

4. Hop chét theo diém 1, trong d6 hop chat nay 1a hop chét ¢ cong thirc:
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7. Phuong phap téng hop hop chét c6 cong thirc (I) theo diém 1, trong d6 phuwong phap
nay bao gom cac budc:

i) cho hop chét indirubin c6 cong thirc:

phan tng véi din xuit halogen trong DMF khan véi su ¢6 mat cia chit xic tac
chuyén pha tetrabutylamoni bromua va chat xtc tac ki€m dugc chon tir nhém CsCOs,
K>COs, K1, NaOH va NaH;

ii) chuyén hoa bang cach ngung tu céc chit trung gian thanh oxim sir dung N-
dimetylaminopyridin (DMAP).

8. Phuong phép theo diém 7, trong d6 chéit xtic tic st dung bao gdm tetrabutylamoni
bromua va KI.
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9. Phuong phép theo diém, 7 hodc diém 8, trong d6 phan ung dugc thuc hién trong
khoéang tir nhiét do phong dén 50°C.
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