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MO DAU

1. Ly do chon dé tai

Insulin 12 mot peptide hormone, dwoc sir dung trong didu tri bénh tiéu
duong lan dau tién nam 1922, ma ra ky nguyén sir dung peptide hay protein trong
diéu tri bénh. Hién nay c6 hon 100 loai thudc peptide va peptidomimetic da dugc
FDA phé duyét, phan lén duoc phé duyét trong giai doan tir nam 2000 dén nay.
Diéu nay cho thiy viéc nghién cau phét trién cac loai thudc dua trén peptide dang
la mot xu hudng I6n trong nhitng thap nién gan day va nhitng nam tiép theo.
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Hinh 1.1. Biéu thi s6 luong peptide va peptide-base dugc phé duyét Ia thudc theo
ting giai doan (Trich dan tir cong trinh cua Lia Costa, 2023).

Nhiing wu diém ni bat nhu tuong tac tot véi dich sinh hoc, an toan cao
nén peptide hay protein tu nhién 1a ddi twong dic biét quan trong trong viéc
phét trién thude diéu tri bénh noi riéng ciing nhu trong nghién ctu y sinh noi
chung. Tuy nhién cac peptide ty nhién d& bj phan huy trong co thé, kha ning
di chuyén qua mang té bao kém, nhitng yéu diém nay dan t6i thoi gian ban
hiy in vivo thap 1am han ché ing dung cua peptide ty nhién.

Viéc phét trién cac hop chat peptidomimetic, dua vao viéc thay doi cau
tr(ic peptide ty nhién tuy nhién khong lam thay déi hoat tinh sinh hoc 1a huéng
nghién ciru duoc nhidu nha khoa hoc trén thé gi¢i dang thuc hién. Cac

peptidomimetic c6 cac tinh chat sinh hoc giéng cac peptid muc tiéu, dong thoi 6
kha ning trc ché cung dich sinh hoc, tuy nhién chung d duoc bién d6i mot s6 lién
két dé tang tinh bén trong cac qué trinh sinh hoc khi duoc dua vao co thé.

Cung xu hudng d6, toi lya chon dé tai: “Tong hop va nghién ctru hoat
tinh sinh hoc ciia cac biaryl peptidomimetic” trong d6 sé& tién hanh khao sat
phuong phép tong hop mot sd peptidomimetic ¢6 chira macrocyclic hodc
khung biaryl va budc dau khao sat hoat tinh sinh hoc cia mot sé hop chat
tong hop duoc.

2. Muc dich va nhiém vu ctia luin an

- Muc dich:

Nghién ciru téng hop, xac dinh cAu trac, thir nghiém hoat tinh sinh hoc cua
mdt s6 macrocyclic f-peptidomimetic va biphenyl peptidomimetic mi, nham tim
kiém nhitng hop chat ¢6 hoat tinh sinh hoc cao hodc ¢6 img dung khac.

- Nhiém vu:

+ Tbng hop f-amino acid tir amino acid ty nhién véi san phdm thu dugc van
giit trung tAm bat d6i. Cac f-amino acid tong hop dugc 14 chat dau cho cac chuyén
hoa tiép theo dé tong hop cac dan xuat bis-N-ankylate peptidomimetic. Khao st va
t6i wu didu kién phan tmg RCM (Ring-Closing Metathesis) cac dan xuit bis-N-
ankylate peptidomimetic dé tao thanh cac macrocyclic f-peptidomimetic.

+ Tong hop cac dan xuat [1,1'-biphenyl]-2,2'-dicarboxylic acid, rdi
chuyén héa thanh cac biphenyl peptidomimetic véi 2 chudi peptid dbi ximg &
vi tri 2,2” vong phenyl c6 chira 1 hodc 3 amino acid mdi chudi.

+ Nghién ciru tinh chét va xac dinh cau triic cta cac hop chat méi bang
phuong phap phd NMR, HRMS, nhiéu xa tia X don tinh thé.

+ Tham do hoat tinh khang té bao ung thu nham tim kiém cac hop chat
peptidomimetic ¢6 hoat tinh sinh hoc cao.

3. P6i twong va pham vi nghién ciru

- DP6i tugng: Mot sé macrocyclic S-peptidomimetic va biphenyl
peptidomimetic moi.

- Pham vi nghién ctru: Nghién ctru téng hop, xac dinh cAu tric va tham
do hoat tinh sinh hoc ctia cac hop chét téng hop dugc.



4. Y nghia khoa hoc va thue tién ciia dé tai

- D hoan thién 02 quy trinh tong hop cac dan xuat peptidomimetic d6 1a:

i) Chuyén hoa amino acid ty nhién thanh f-amino acid, tong hop cac
dan xuit bis-N-ankylate peptidomimetic tir cic f-amino acid, st dung phan
tmg RCM (Ring-Closing Metathesis) dong vong cac dan xuat bis-N-ankylate
peptidomimetic tao thanh cac macrocyclic S-peptidomimetic.

i) Tong hop cac dan xuét [1,1'-biphenyl]-2,2'-dicarboxylic acid, chuyén
hoéa thanh cac biphenyl peptidomimetic véi 2 chudi peptid d6i xting & vi tri
2,2’ vong phenyl ¢6 chira 1 hodc 3 amino acid mdi chudi.

- Cung cap dir liéu vé phd NMR, HRMS, X-Ray cua mot sb hop chét
macrocyclic f-peptidomimetic va biphenyl peptidomimetic tong hop duoc, phuc vu
cho nghién ctru khoa hoc va dao tao nguén nhan lyc chét lugng cao cho xa hdi.

- Két qua thir hoat tinh sinh hoc cac hop chat macrocyclic A-peptidomimetic
tong hop dugc cho thdy hoat tinh &c ché té bao ung the va MDA-MB-231, MCF-7,
dac biét hoat tinh tic ché tét véi hop chat vong 11-13 canh, didu nay gitp dinh
hudng cho viéc tim kiém nhitng hop chat mai ¢6 tiém ning tng dung vao thuc té.

CHUONG 1. TONG QUAN

1.1. Peptid va Peptidomimetic
1.1.1. Khai ni¢m peptid va peptidomimetic

Peptid 1a phan tir gdm cac amino acid duoc lién két véi nhau bai it
nhit mot lién két amide. Cau trdc cua peptid rat da dang tir phan b6 mach
thang, mach vong hoic cac peptid duoc lam thay d6i v6i s xuat hién cua
cac nhom phosphoryl hoac cac khung duong va terpenoid. Peptid hay cac
cau trlc gia peptid da dugc s dung trong viéc phét trién thude diéu tri
ung thu va, HIV hodc cac tac nhan chbng huyét ap cao, cac bénh lién
quan dén tim mach va nhiéu bénh khac. Gan day mot s6 nghién ciru da
chi ra rang cac peptid khéng nhitng noéi bat trong wng dung lam thudc
nhu cac khang sinh peptid, vacine c6 su dung peptid, peptid st dung
trong ¢ ché sy phat trién cua té bao ung thu, ma cac peptid con c6 tiém
ning 16n trong viéc phat trién cac ung dung méi nhu vacine sir dung dan

Xuat peptid ban tong hop, liéu phap phan phéi thudc, cac chat danh dau
phéng xa gan trén peptid....

Peptidomimetic duoc dinh nghia 1a cic phan tir gia peptid duoc thiét ké
dé bat chudc céac tinh chat cua cac peptid tu nhién hoic protein. Do do,
peptidomimetic cd tac dung duoc Iy giéng peptid tu nhién, ching cé kha ning
tic ché protein giéng véi cac peptid ty nhién. Vi vay céc peptidomimetic c6
kha ning tuong tac tot, chon loc Véi cac protein va hon nita c6 thé dugc diéu
ché nhiéu dang khac nhau, tao ra su da dang vé cu trac va do bén sinh hoc.
1.1.2. Phén logi peptidomimetic

Theo quan diém trudc ddy, peptidomimetic co thé dugc chia thanh ba
nhém tly thude vao dic diém cau tric va chirc nang ciia ching:

« Loai I-bit chudc vé ciu trac: thé hién sy twong dong vé hinh dang véi
c4c chat ty nhién va mang tat ca cac chirc nang dap (ng cho sy tuong tac véi
enzyme hozc thu thé trong mot su dinh huéng khdng gian nhat dinh.

« Loai II-bit chudc chirc ning: trong tur V6i CAC chét tu nhién dua trén sur trong
tAc voi thu thé dich hodc enzyme ma khong can thé hién sw giéng nhau vé cau trac.

« Loai lll- bit chuéc ca cau tric va chirc nang.
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Hinh 1.2: Minh hoa cach phan loai peptidomimetic theo bén 16p A-D trong
viéc thiét ké md phong ciu trdc xodn o, phan bién dbi dugc biéu thi bang mau
dé (Trinh dan tir cong trinh cta Pelay Gimeno, 2015)



1.1.3. Mgt sé peptid va peptidomimetic #ng dung trong y duwgc

1.2. Macrocyclic peptid va peptidomimetic

1.2.1. Mgt sé macrocyclic peptid va peptidomimetic #ng dung trong y dwetc
1.2.2. Phwong phdp dong vong metathesis tong hep cyclic peptidomimetic
1.2.3. Phwong phdp tong hop p-aminoacid tir a-amino acid

1.3. Biphenyl peptid va biphenyl peptidomimetic

1.3.1. Ung dung ciia mét sé biphenyl peptid tze nhién

1.3.2. Ung dung ciia mdt sé biphenyl peptidomimetic va phwong phdp tong hop

CHUONG 2. HOA CHAT, THIET BI, PHUONG PHAP
NGHIEN CUU VA THUC NGHIEM

2.1. Héa chat, nguyén vat liéu va trang thiét bi

Tat ca cac phan mg duoc thuc hién trong phong thi nghiém Hoa dugc -
Khoa Héa hoc, Dai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi. Cac héa
chit va dung mdi déu duoc nhap tir cac cong ty hda chat, hau hét khi lam phan
g khdng can tinh ché lai. Trir mot s6 hda chat nhur n-hexan va ethylacetate da
duoc cat lai truéc khi st dung séc ki cot, dichloromethane tinh khiét duoc 1am
khan bang P,0s truéc khi sir dung, pentane dwoc cat lai va lam khan bang
sodium, THF dugc lam khan bang sodium va benzophenone, duoc st dung ngay
khi vira cét lai. Phé *H NMR va phd *C NMR dugc do trén may BRUKER 500
MHz Asend tai Khoa Hoa hoc, Truong Pai hoc Khoa hoc ty nhién, PHQGHN,
sir dung TMS 1a chét chuan ngi, CDCl; va DMSO (d6) lam dung mdi. Phan tng
duoc theo dbi bang sac ky lop mong (TLC), dugc quan sét bang dén UV tai budc
s6ng 254nm hoac 366nm va chat phan img dugc phét hién boi dung dich KMnOs.

Phé khéi duoc do trén may LC/MS LTQ Orbitrap XL cua hdng Thermo
Scientific tai Khoa Hda hoc, Truong Dai hoc Khoa hoc tu nhién, DPHQGHN.

May do nhiéu xa tia X Bruker D8 Advance tai Khoa Hoa hoc, Truong
Dbai hoc Khoa hoc tu nhién, DPHQGHN.

2.2. Phwong phap nghién ciru va thec nghiém
2.2.1. Céc quy trinh chung

Quy trinh chung tgo nhom bdo vé Chz: 10 mmol cta aminoacid
duogc hoa tan trong 20 ml dioxan va 20 ml dung dich K,COj3 b&o hoa, hon
hop dugc lam lanh ¢ 0°C. 11 mmol benzyl chloroformate dugc thém ting
giot trong 1 gid. Hon hop khudy ¢ nhiét do phong trong 5 gio. Sau khi
phan @ng két thic, hdn hop dugc trung hoa biang HCI 1M, chiét lai voi
ethyl acetate, rira pha hiru co bang dung dich NaCl bdo hoa, 1am khan bang
Na2SO, roi 1am bay hoi dudi ap suat thap thu duoc san pham.

Quy trinh chung phd bdo vé N-Cbz: cac din xuat dugc bao vé bing
Cbz duoc hoa tan trong dung moéi EtOAc: MeOH (4:1), 5% mol Pd/C duogc
thém vao. Hon hop phan tmg duogc dan khi H, trong 6 gio. Sau khi phan \ing
két thac, dung dich dwoc loc qua phéu loc celite va 1am bay hoi dung méi
dudi &p suit thdp thu san pham thd. San phdm duoc sir dung truc tiép cho
budc chuyén hoa tiép theo ma khong can tinh ché lai bang sic ki cot.

Quy trinh chung cho phdn #ng téng hep amide (phwong phap 1): cac
acid amin duogc hoa tan trong DCM duéi diéu kién khi Na. Thém vao dung dich
EtsN khé (1,5 dwong luong) rdi 1am lanh téi 0°C trong 30 phit. 1,2 dwong luong
DCC va 20% DMAP (tinh theo trong lugng cua DCC) dugc thém vao. Phan tng
duoc giir ¢ 0°C trong 1 gio va khudy qua dém & nhiét do phong. Sau khi phan
g két thic, dung dich dugc rira bang HCI 0,01N, chiét lai bang DCM va nudc,
lam khd bang NazSO; rdi 1am bay hoi dudi &p suat thap. San phdm tho dugc tinh
ché bang sic ki cot voi hé dung mai rira giai ethyl acetate/ n-hexane.

Qui trinh chung téng hep N-alkylation: Bot KoCO3 (3 equiv) duoc
thém vao hdn hop cua S-glycine methyl ester (1.5 equiv) trong acetonitrile.
Han hop sau d6 duoc khudy 15 phat, rdi thém bromide alkenyl vao hdn hop
huyén pht néu trén. Tiép tuc khudy hdn hop phan ung thém 16h & nhiét do
phong, sau d6 cho thém 30 ml nudc, chiét bang diethyl ether (3 x 50 mL), gop
pha hitu co va rira bang nuge (50 mL), rdi dung dich NaCl bdo hoa (50 mL)...

Qui trinh chung téng hgp macrocyclic peptid bang RCM: Grubbs-2
catalyst (5 mol%) dugc thém vao hon hgp phan tng da duogc suc khi N»



cua cac dan xuat N-alkyl diene trong DCM. Hdn hop dugc dun hdi luu
trong 4h, réi thém 5 mol% xGc tac roi tiép tuc dun hoi lvu qua dém. Sau
khi c6 quay chan khéng hdn hop phan ung, cin thu dugc s& dugc tinh ché
bang sac ki cot, pha tinh 1a silica gel (40-60 mesh), rira giai bang hexane:
ethyl acetate (1:1 to 1:9).
2.2.2. Quy trinh téng hop beta-amino ester

Tong hop (S)-2-amino-4-methylpentan-1-ol tiz L - Leucine (2).

Tong hop (S)-benzyl-(1-hydroxy-4- methylpentan-2-yl)carbamate (3).

Tong hop (S)-benzyl-(1-iodo-4-methylpentan-2-yl)carbamate (4).

Tong hop (S) - benzyl (1-cyano-4- methylpentan-2-yl) carbamate (5).
2.2.3. Tong hep macrocyclic peptidomimetic

Céac dan xuat mono va diene N-alkyl dwoc tong hop theo qui trinh
chung tong hop N-alkylation, cac hop chat can tao lién két amide duoc tong
hop theo qui trinh chung tong hop amide, cac dan xuit macrocyclic peptid
dugc tdng hop theo qui trinh chung RCM duoc néu tai myc 2.2.1.

3-(allyl((benzyloxy)carbonyl) amino) propanoic acid (11a).

3-(((benzyloxy)carbonyl) (but-3-en-1-yl) amino) propanoic acid (11b).

3-(((benzyloxy)carbonyl) (pent-4-en-1-yl) amino) propanoic acid (11c).

Methyl 3-(N-allyl-3-(allyl((benzyloxy)carbonyl) amino) propanamido)
propanoate(12a).

Methyl  3-(3-(allyl((benzyloxy)carbonyl) amino)-N-(but-3-en-1 yl)
propanamido)propanoate (12b).

Methyl  3-(3-(allyl((benzyloxy)carbonyl) amino)-N-(pent-4-en-1-yl)
propanamido)propanoate (12c).

Methyl 3-(3-(((benzyloxy)carbonyl) (but-3-en-1-yl) amino)-N-(but-3-
en-1-yl)propanamido) propanoate (12d).

Methyl 3-(3-(((benzyloxy)carbonyl) (pent-4-en-1-yl) amino)-N-(but-3-
en-1-yl)propanamido) propanoate (12e).

Methyl 3-(3-(((benzyloxy)carbonyl) (pent-4-en-1-yl) amino)-N-(pent-4-
en-1-yl)propanamido) propanoate (12f).

Benzyl  5-(3-methoxy-3-oxopropyl)-4-oxo-2,3,4,5,6,9-hexahydro-1H-
1,5-diazonine-1-carboxylate (13a).

Benzyl 5-(3-methoxy-3-oxopropyl)-4-ox0-3,4,5,6,7,10-hexahydro-1,5-
diazecine-1(2H)-carboxylate (13b).

Benzyl 5-(3-methoxy-3-oxopropyl)-4-oxo-1,5-diazacycloundec-9-ene-
1-carboxylate (13c).

Benzyl 5-(3-methoxy-3-oxopropyl)-4-oxo-1,5-diazacycloundec-8-ene-
1-carboxylate(13d).

Benzyl 5-(3-methoxy-3-oxopropyl)-4-oxo-1,5-diazacyclododec-8-ene-
1-carboxylate(13e).

Benzyl 5-(3-methoxy-3-oxopropyl)-4-oxo-1,5-diazacyclotridec-9-ene-
1-carboxylate (13f).

Benzyl allyl(3-ox0-3-(pent-4-en-1-ylamino)propyl)carbamate (14)

Benzyl 4-oxo0-1,5-diazacycloundec-9-ene-1-carboxylate (15)

2.2.4. Tong hop céc peptidomimetic chiza khung biaryl
2.2.4.1. Tong hop céc peptidomimetic chiza khung 2,2-biphenyl diacid

Téng hop [1,1'-biphenyl]-2,2'-dicarboxylic acid (16).

Tong hop [1,1'-biphenyl]-2,2'-dicarboxylic dichloride (17).

Tong hop Dimethyl 2,2'-(([1,1-biphenyl]-2,2- dicarbonyl) bis
(azanediyl)) diacetate  (18a).

Tong hop Dimethyl 2,2'-(([1,1'-biphenyl]-2,2'-
dicarbonyl)bis(azanediyl)) (2S, 2S’)-dipropanoate (18b).

Tong hop Dimethyl 2,2'-(([1,1'-biphenyl]-2,2- dicarbonyl) bis
(azanediyl)) (2S,2'S)-bis(4-methylpentanoate) (18c).

6ng hop Methyl (2'-(((2S,3R)-3-hydroxy-1- methoxy-1-oxobutan-2-
yl)carbamoyl)-[1,1'- biphenyl]-2-carbonyl)-L-allothreoninate ~ (18d).

Tong hop  Dimethyl  2,2-(([1,1-biphenyl]-2,2'-  dicarbonyl)
bis(azanediyl))(2S,2'S)-bis(3- phenylpropanoate) (18e).

Tong hop Dimethyl 2,2'-([1,1-biphenyl]-2,2- dicarbonyl)(2S,2'S)-
bis(pyrrolidine-2-carboxylate) (18f).



2.2.4.2. Tong hop cac peptidomimetic chira kinng 6,6 ~dimethyl-2,2 -biphenyl diacid

Taong hop 6,6’-dimethyl-[1,1'-biphenyl]-2,2'-dicarboxylic acid (19): .

Tong hop 6,6'-dimethyl-[1,1'-biphenyl]-2,2'-dicarbonyl dichloride (20).

Tong hop N-benzyloxycarbonyl-L-proline (21).

Tong hop benzyl 2-((1-methoxy-1-o0xo0-3-phenylpropan-2-
yl)carbamoyl)-1H-pyrrole-1-carboxylate (22).

Tong hop 2-(1-((benzyloxy)carbonyl)-1H-pyrrole-2-carboxamido)-3-
phenylpropanoic acid (23).

Tong hop benzyl 2-((1-(((R)-1-methoxy-1-oxopropan-2-yl)amino)-1-
oxo0-3-phenylpropan-2-yl)carbamoyl)-1H-pyrrole-1-carboxylate (24).

Tong hop (2R)-methyl 2-(3-phenyl-2-(1H-pyrrole-2-carboxamido)
propanamido)propanoate (25).

Tong hop Dimethyl 2,2'-(((2S,2'S)-2,2'-(((2S,2'S)-1,1'-([1,1'-biphenyl]-
2,2'-dicarbonyl)bis(pyrrolidine-1,2-diyl-2-carbonyl))bis(azanediyl))bis(3-
phenylpropanoyl))bis(azanediyl))(2S,2'S)-dipropionate (26).

Téng hop Dimethyl 2,2'-(((2S,2'S)-2,2'-(((2S,2'S)-1,1'-(6,6'-dimethyl-[1,1'-
biphenyl]-2,2'-dicarbonyl)bis(pyrrolidine-1,2-diyl-2-carbonyl))bis
(azanediyl))bis(3-phenylpropanoyl))bis(azanediyl))(2S,2'S)-dipropionate (27).
2.2.5. Khdo sdt hoat tinh sinh hoc cdc hop chit tong hop dwoc

Khio sat hoat tinh giy ddc té bao trén mot so6 dong té bao ung thw

a. Céac dong té bao dugc dinh gid hoat tinh gdy dc té bao gom:

- MCF7 (Human breast invasive ductal carcinoma): Ung thu biéu mo
bng dan sira xam l4n

- MDA-MB-231 (Human breast adenocarcinomay): Ung thur biéu md tuyén i

b. Phwong phdp thuc nghiém xdc dinh hoat tinh gdy déc té bao

Nudi té bao ung thu in vitro theo Skehan va cong su. Xac dinh hoat
tinh gdy doc cdc dong té bao ung thu theo phuong phiap SRB cua
Likhiwitayawuid va céc cong su dang duoc tién hanh tai Vién Nghién ctu
Ung thu Quédc gia cua My (NCI).

CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Téng hgp p-amino acid

Quy trinh téng hgp chung p-amino acid tir alpha amino acid

Tong hop céc dan xuat S-amino acid. C4c hop chét f-amino acid dugc tong
hop tir viéc chuyén héa dan xuét cua cac a-amino acid ty nhién qua phan tng thé
Sn2 thanh dan xuét nitrile, roi thay phan nhém nitrile thanh -amino acid.

R NaBH, I, THF R CbzCl, Na,CO; R
OH OH ————— H
HQNJ\H/ HZN)\/ CH,Cl, CbZHNJ\/O
0
PPhg, I, | Imidazole, CH,Cl,
HCI, MeOH §
e
' R KCN, DMSO |
CszNJ\/COOMe ELO  CbzHN
4/60/7
Nfo/v
%0 R
H
CszN/'\/COO

So dd 3.1: So dd chung tong hop S-amino acid
Dé c6 thé chuyén hda amino acid tu nhién L-(-) Leucine thanh dang
beta-Leucine, véi su xuét hién cua thém mot don vi CH, chdng t6i tién hanh
théng qua chudi phan ¢ng nhu so do sau.

NaBHy I, THF CbzCl, Na,CO3 /d/\
oH ————~ oH —____~ OH
HaN 70% HaN CH,Cl,  CbzHN
o 1 2 96% 3
L-Leucine PPha, I, Imidazole, CH,Cl,
5%
HCI, MeOH KCN, DMSO
-
COOMe  E4O  CbzHN ON  TTB5% o '
CbzHN e 2 z| . Z
4
/VS'

Oy

)44@
O,
% y
COOH

CbzHN
7

So dd 3.2: Tong hop S-amino acid tir L-Leucine

10



3.2. Téng hep macrocyclic beta-peptidomimetic

Trong ndi dung luan &n ching téi tong hop cac dan xuit vong
peptidomimetic c6 chwta dipetid g-amino acid vai viéc kich thugc vong
thay doi. Bé thiét ké kich thudc vong khac nhau ¢ san pham cudi, ching
t6i s& tong hop céc dan xuat N-alkenyl c6 chudi mach khac nhau. Bing
viéc su dung phan ung déng vong trao d6i (RCM - Ring-Closing
Metathesis) st dung xtic tic Grubbs dé ghép vong dan xuit N-alkenyl tao
cac san pham cudi (So dé 3.3)

s U e

M N—"'n
\)> (/ m=123 n=1,2,3
So @ 3.3: Chién luoc tong hop S-macrocyclic peptidomimetic

Chung t6i di tién hanh nghién ctu:

1, T4i wu diéu kién dong vong RCM tir cac dan xuat N-alkenyl chira 2
beta amino acid.

2, Méi lién quan giita kha ning phan @mg va kich thudc vong.

Pé thyc hién muc tiéu trén chung t6i da tdng hop céc bis-N-alkenylate
peptides chira 2 lién két doi dau va cudi mach (terminal alkene chains) tir g-
glycine. Budc dau tién amino acid beta-glycine dwoc chuyén héa thanh
methyl ester (9), sau d6 dan xuat methyl ester dwoc phan tng véi alkenyl
bromide tao thanh mono-N-alkylate (10). Dan xuét amine bic 2 nay sau do6
duoc lan luot phan &ng voi benzyl chloroformate, réi thuy phan nhém methyl
ester bang NaOH trong methanol dé thu duogc acid (11). Cudi ciing nhiing
beta-amino acid (11) nay dwoc ghép cap voi N-alkenyl methyl ester (10) bang
phan ung tao amide s dung EDCI-HOBt-Et;N dé tao céc dipeptid mong
mudn (12) véi hiéu suit cao (hon 80%) (So dd 3.4).

11

H
HZNM\H/OHHE C'HHzN\/\n/OMe b - /\(\,)/NWOM"’
g O " 0

g O

10
/°
O

bz
Cbz\N

C
\)> ((j OMee /\(\a/

So d6 3.4: Tong hop bls-N-aIkenyI
a) SOCly, MeOH, r.t.,, overnight; b) allyl bromide, KoCO3, DMF for 10a (68 %), 4-
bromobut-1-ene, K,CO3, DMF for 10b (72 %), 5-bromopent-1-ene, K,COs, DMF for 10c
(65 %); c) Cbz-Cl, CH.Cl,, EtsN, r.t, 4h then MeOH/NaOH 2M, 2h r.t; d) EDCI, HOBt,
CH.Cl,, Et;N and 4, r.t, 12a (80%), 12b (83%), 12¢ (85%), 12d (80%), 12 (86%).
Bang 3.1: Khao sat phan ung dong vong metathesis

Entry | Solvent Catalyst T[°C] Yield "%]
1 | Toluene® Grubbs 2 (5 %) 110°C 25
2 | Toluenel® Grubbs 2 (10 %) 110°C 45
3 | Toluene® Grubbs 1 (20 %) 110°C 42
4 | Toluene® |Grubbs-Hoveyda (10%)| 45°C 43
5 CH.Cl, [ Grubbs 2 (10 %) reflux 60
6 | CH.Cl,D! Grubbs 2 (10 %) reflux | n.d (not detected)
[a] 10°M>3M reaction concentration. [b] 10°™>2M reaction concentration.
(0]
bz\N/\/QNJ—{ZMe
/\{O o w/ 13a
cbz\N§ (N/\)kOMe — = :;\_NCbZ N
/ \ 12a

13a’

#H“N

MeO 2

So d6 3.5: Phan ting dong vong RCM
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Khi sir dung 5% xuc tac Grubbs-2, ty 1¢ san pham dong vong va chat
dau chua phan ng khoang 2:1 (hiéu suat tach 25% - hang 1 Bang 3.1). Hién
tuong nay thuong xay ra trong phan tng RCM dong vong 16n do xudc tac
Grubbs bi phan huy ¢ nong do thip. Do vay dé phan tng chuyén hda hoan
toan, mot luong xdc tdc Grubbs-2 dugc thém vao, theo khao sét ctia ching toi
thi tong luong xuc tdc Grubbs-2 12 10%, nhiét d6 phan ng 110°C (nhiét do
toluen hdi luu), diém két thiic phan tmg dugc xac dinh bang TLC, hiéu suat
tach 45% (hang 2 Bang 3.1).

(0] o) (0] (0]
Cbz. Cbz.
) )

13a (60% 13b (58%

(0] (0]
CbZ\N/\)OLN/\)—OMe CbZ\N/\&\NJOMe

13¢ (63%) 13d (61%)
o]

Q /_)LOMe
CbZ\N/\ﬁX\NJOMe Cbz\N/\)OX\N
13e (65%) 13f (67%)

Hinh 3.1: C4c san phdam macrocyclic peptidomimetic

Trong truong hop sir dung xGc tdc Grubbs-1 (hang 3 Bang 3.1), dé
dat chuyén hoa hoan toan can ding 20% lugng xuc tac trong khi dé dat két
qua tuong tu chi can ding 10% x(c tac Grubbs-2 hoic 10% xuc tac Grubbs-
Hoveyda (hang 2 va hang 4 Bang 3.1).

3.3. Téng heop céc peptidomimetic chira khung biaryl
3.3.1. Tong hep cac peptidomimetic chiva khung 2,2-biphenyl diacid

Viéc tong hop khung 2,2-biphenyl diacid dugc thyuc hién dé& dang tir chat
dau 1a acid anthranilic. Bang phan (g cong hop cia mudi diazoni ching toi da
tong hop duogc biphenyl acid (16) voi hiéu suit 62%. C6 rat nhiéu phuong phép
dé téng hop vong biphenyl diacid nhu phan tng Ulman hay mot s6 phan @ng sir

13

dung xdc tac kim loai chuyén tiép nhu phan ung Suzuki-Miyaura, phan @ng
Stille, phan tmg Negishi ... nhung phuong phap di tir chat dau acid anthranilic
duoc thirc hién kha dé dang va cho hiéu suat tét. Trong qué trinh tong hop chiing
t6i bat dau bang phan tong hop biphenic diacid bang phan tng diazo héa amin
trong su c6 mat cia NaNO, va dung dich HCI dic tai nhiét do 0°C sau 30 pht thu
duoc mubi diazonium. Cac mudi diazonium ngay sau d6 duoc chuyén thanh
biphenic biacid bing dung dich khir Cu?*/NH,0H tai 10°C, sau khi tinh ché
chiing t6i thu dugc chét (16) véi hiéu suat 62 %. Dé cé thé thuc hién phan ung
amide hda, acid (16) duoc chuyén hda thanh dang chlorua acid cua né bang viéc
dun hdi luu trong SOCI, trong vong 8 gid rdi lam bay hoi dusi ap suét thap.
Chlorua acid (17) dwoc dung truc tiép cho chuyén héa tiép theo ma khong can
tinh ché lai.

1, NaNO,, HCI o O OH socl, o O Cl
HoOC 2, CuSOy, NH0HHCI o) 70°C ¢ o]
NH; 62%
17

16
So d6 3.6: Tong hop biphenyl diacid

3
N.
R

|
R-NH2HCI (1.1 eq) o}

Ol C
o)

o} - R. o}

Cl Et3N (1.5 eq), CH,Cl,, rt N
H

17 18a-e
O (o] O R
o Proline methyl ester. HCI (1.1 eq) o
o} - o)
cl O EB3N (1.5 eq), CH,Clp, it R O
17 18f

So d6 3.7: Tong hop céc biphenyl peptid
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Cac peptid-2,2’-biphenyl (18a-18f) duoc tong hop thanh cong bang
viéc ghép cip cac acid amin va chloride acid (17) trong dung mdi CH,CI, va
triethylamine & nhiét &6 phong cho hiéu suat trung binh khoang 50-70%, riéng
chi c6 phan tng véi threonin thu duoc hiéu suat thap (16%).

Bang 3.2: Hiéu suit phan tng

STT DAan xuat R Higu suat (%)
1 18a % >COOMe 55
18b
2 ”{LCOOMe 60
3 18¢ 13 63
%~ “COOMe
OH
4 18d j: 16
%~ “COOMe
5 18e 53
%~ “COOMe
O—-COOMe
6 18f N 67
™

3.3.2. Tong hep céc peptidomimetic chiza khung 6,6>-dimethyl-2, 2’—bipheny| diacid

1, NaNO,, HCI _ COOH SOC'Z cocl
HOOC CHs 2, CuSO,, NH,OHHCI HOOC CHs  t  cloc CH,
NH,
6%

So d 3.8: Tong hop dan xuét chira khung 6,6’-dimethyl-2,2’-biphenyl
Chudi peptid muc tiéu duoc thiét ké bang viéc thuc hién ghép cap ba
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acid amin co ban la Proline, Phenylalanine va Alanine. Chang t6i lwya chon
Prolin lam acid amin dau tién trong chudi peptid nham giam cac cau hinh cua
chudi do cau trac vong dac biét cua Prolin giup can tro sy quay xung quanh

chudi peptid.

©\/° cl H  coome
T Hooerd Me0OC” “NH2.HCI MNY
N _
—_— >

HooC™ —_— Y
N o)\o DCC; DMAP; CH,Cl, Cbz \©

H NaHCO;;dioxan
Proline 9% 70% 22

NaOH; MeOH | 90%

o
om
HNj/W/ cm.znn/g( © H coon
H ° Ny
O~ N ~
N B MAP; CH,Cl, cht O
cbz O \© 65%

EtOAc; MeOH
Hy; PdiC

98%

OMe
OT Meo\(\ 2
H HN
CHZCIZ Et;N  63% NH H\)LOMe
O,(Mo

C I cocl
cloc. l

So d6 3.9: Tong hop chudi peptid

Tir Proline tu nhién, nhdm chirc amin dwgc bao vé duéi dang cacbamat
bang nhém bao vé Chz trong sw c6 mat caa NaHCOs,dung mdi dioxan, phan @ng
thu duoc acid (19) véi hiéu suat cao 98%. Tir acid (21) thuc hién phan tng amide
héa voi HCI.L-PheAla-OMe theo diéu kién phan tmg duoc phét trién bai Steglich
(DCC/DMAP) thu duoc san pham (22) véi hiéu suat 70%. Nhém chuc ester ciia
phenylalanine (22) duoc pha bao vé dé dang trong moi truong kiém
(NaOH/MeOH) sau d6 tiép tuc thuc hién phan tng amide héa véi HCI.Ala.OMe
trong su ¢c6 mat cia DCC/DMAP/, dung m6i DCM tai nhiét do phong thu duoc
chudi 3 acid amin (24) véi hiéu suit 65%. Pha bao vé chon loc nhom N-Cbz thu
duoc chudi peptid ngén co chira ba acid amin (25) vai hiéu suat (98%) (So' do 3.9).
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3.3.3. Cdu trac tinh thé cia biphenyl peptid

Pon tinh thé cua cac hop chat (26-27) thu dugc bang cach lam bay
hoi cham tai nhiét d6 phong trong dung méi methanol. Cau trdc phan tir cua
peptid-2,2°-biphenyl (26-27) dugc xac dinh bang phuong phap phan tich
nhidu xa tia X don tinh thé (single X-ray differaction). Ca hai cau trac déu cho
thy su xuét hién cua lién két hydro noi phan tir (Hinh 3.2 va 3.3).

09

010
011

Hinh 3.2: Cu tric tinh thé hop chit 26

17

Hinh 3.3: CAu trdc tinh thé hop chat 27
3.3.3.1. Cdu triic tinh thé ciia biphenyl peptid 26

Hinh 3.4: Hinh minh hoa cac loai gbc xodn ¢, y, o trong peptid
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Phi (@) la géc xodn tao béi lién két Ca-N, Psi (y) la géc xodin tao béi
lién két C-Ca, omega (v) la géc xodn tao béi lién két N-C

Binh luin vé ciu triic (Structural commentary)

Dir liéu nhidu xa tia X don tinh thé cho thdy cau triic ciia hop chéat 2,2
[((2S,2'S)-2,2-{[(2S,2S)-1,1- ([1,1-biphenyl]-2,2"-dicarbonyl)bis(pyrrolidine-1,2-
diyl-2- carbonyl)]bis(azanediyl) }bis(3-phenylpropanoyl))bis(azane- diyl)](2S,2'S)-
dipropionate) lién két véi % phan tir H20.

Mot trong hai vong proline duge cho thay doi theo hai dang ciu hinh va
nguyén tir C17 dugc chon dé chuan hoa dit liéu bang cach st dung mé hinh
phan tach véi ty 18 sir dung 12 0,746 (11) va 0,254 (11). Mot lién két hydro noi
phén tir dugc hinh thanh gitra cac nhdm NH va CO cua hai tripeptide vai
khoang cach 2,04 A° (N5-H5-- «05=C19, xem Bang 3.3, Hinh 3.2), ngan hon
mot chit so voi bao cao trude day (Ranganathan va cong su). Cac vong
benzen C20-C25 va C26-C31 gan nhu vudng goc v6i nhau, voi goc ludng
dién gitra chung la 84,4 (4)°. Mot dic diém thd vi 1a tinh khong dong phang
gitta mdi vong phenyl va nhém CO cua lién két peptit gan vao. Gc xoan tao
bai C26-C31-C32=06, C26-C31-C32-N4 va C25-C20-C19=05, C25-C20-
C19-N3 lan luot 12 59,8 (4)°, -123,0 (3)° va -85,9 (4)°, -96,8 (4)°. GAc x04n o,
@, v doc theo hai mach tryc tripepti“~ #~~ cho & Bang 3.3. Goc xoin @,
cua cac amino acid Phe2, Pro4, Phe. 17 6 (nhw duoc trinh bay Bang 3.3)
tuong UNg VGi ving o trong biéu d6 Ramachandran, trong khi ddi véi cac
amino acid Prol va Ala3 thi ving p dwoc quan sat thay.
3.3.3.2. Céu triic tinh thé ciia biphenyl peptid 27

Binh luin vé cu tric

Hop chét dimetyl 2,2'-[((2S,2'S)-2,2-{[(2S,2'S)-1,1'-(6,6'-dimetyl-[1,1"-
biphenyl] -2,2'-dicarbonyl)bis(pyrrolidine-1,2-diyl-2-
carbonyl)]bis(azanediyl)} bis(3-phenylpropanoyl))-bis(azanediyl)](2S,2'S)-
dipropionat (Hinh 3.3) két tinh trong cling v6i mot phan tu phan tir nudc.

Hai nhom metyl da duoc dua vao cic vong biphenyl ¢ vi tri 6,6 dé
han ché su quay cua hai vong phenyl trung tdm trong dung dich. O trang
thai ran, goc ludng dién giita hai vong biphenyl C20-C25 va C27-C32 la
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73,8 (3)°. Gia tri nay twong tu véi gia tri ciia hop chat (26) trudc d6 khong
mang nhém metyl va cta dan xuét biphenyl petid do Mann va cac cong su
cong bd. Sy thay ddi ciia nhom methyl va methoxycarbonyl cia alanine
duoc quan sat thay trong ciu tric tinh thé véi ty 1é chiém chd 1a 0,502 (6):
0,498 (6). Cau truc khung cta hai doan tripeptide dugc dic trung boi cac
goc xoian o, ®, y (Bang 3.3)....

DPic tinh cua siéu phan tir

Hinh dang khong gian ciia san pham biphenyl peptid tinh thé con dugc
dic trung boi lién két hydro ngoai phan tr N-H---O, O-H---O va C-H---O
(Bang 3.4, Hinh 3.10). Tuong tac lién phan tir manh nhét dugc hinh thanh
giita cac nhém NH va CO cua hai gbc peptid 1an can N1-H1---04, véi d =
2,01 A. Ngoai ra, c6 thém sau lién két hydro lién phan tir. Hai lién két duoc
thiét 1ap gitra phan tor nudc va hai tripeptide (O11-H11A.--O8; C13-
H13---O11). Bbn lién két giita C-H---O=C v&i d6 dai H---O tir 2,39 dén 2,60
A ciing ¢ thém viéc dinh hinh hinh dang khong gian tinh thé. Mot yéu t6 can
quan tim nita 1a cac phén tir dugc lién két boi hai tuong tac lién phan tir C-H
..., mOt tuong tac gitia nguyén to H vong proline va vong phenyl cia amino
acid phenylalanine, tuong tac con lai gilta nguyén tir H cia nhom metyl va
vong phenyl cua nhom biphenyl trung t&-

Bang 3.3: Goc x0an o, -, . -..0 hop chat 27

) A e . Goc , . ) coc .
Cé&c nguyén tir tao goc (A chuin C4c nguyén tir tao goc | (A, chuan
X0an Khd T dinh) X0in khong xac

ong xac dax dinh)

C20-C19-N3-C15 1783 (2) C32-C34-N4-C38 -164.6 (2)
C19-N3-C15-C14 -73.4 (3) C34-N4-C38-C39 -69.1 (3)
N3-C15-C14-N2 -17.5 (3) N4-C38-C39-N5 -14.4 (4)
C15-C14-N2-C6 176.5 (2) C38-C39-N5-C40 -177.2 (2)
C14-N2-C6-C5 -163.0 (2) C39-N5-C40-C48 -106.8 (3)
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3.4. Thir nghiém hoat tinh sinh hoc

o S VLJL

Bang 3.5. Két qua thir hoat tinh gay déc té bao ung thw theo 1Cs

Dong 13a 13b 13c 13d 13e 13f | Doxorubicin
téhao | (M) | M) | M) | M) | (M) | (uM) (LM)
MCF- | 15.26 8.76 821+ |781% 2006 | 22.78
7 £ 05 + 0.3 01 + + 4.17+0.2
o 0.4 ' ' 1.2 1.3
MDA- 12.21 16.68 | 10.25 9.85 + 17.86 | 18.67
MB- £ 06 + + 0.1 + + 3.18+0.1
231 T 0.5 0.2 ' 1.3 1.2

. Ao . Goc , o , coc <
Céc nguyen’ tir tao goc (A, chudn Céc nguyen’ tir tao goc (A,Achua,n
xoan khong xic dinh) xoan khong xac
) dinh)
N2-C6-C5-N1 1714 (2) N5-C40-C48-N6 18.6 (3)
C6-C5-N1-C3 -174.8 (3) C40-C48-N6-C49 179.1 (2)
C5-N1-C3-C2B -58.0 (5) C48-N6-C49-C51 -60.9 (3)
N1-C3-C2B-02B -39.6 (13) N6-C49-C51-09 -35.0 (4)
Bang 3.4: Hinh hoc cia lién két hydro (A) hop chét 27
D---A
DH..A D-H H---A | A(Chuan | D-H---A
(A) A khéng xac A)
dinh)
N5-H5-- -05 0.88 2.07 2.923 (3) 162
N6-H6-- -O6 0.88 2.42 3.233 (3) 154
C9-H9-. -02B 0.95 2.35 3.270 (18) 164
C21-H21.- -03 0.95 2.44 3.352 (4) 161
C35-H35A:-- -05 0.99 251 3.171 (4) 124
C43-H43-- -04 0.95 2.59 3.443 (4) 149
N1-H1.. -O4 0.88 2.01 2.865 (3) 163
C1B-H1BB-- -010" 0.98 2.46 2.913 (16) 108
C30-H30-- -08 0.95 2.46 3.222 (4) 137
C35-H35-- -O7V 0.99 2.39 3.228 (4) 142
C52-H52B-- -010" 0.98 2.60 3.559 (5) 166
011-H11A-- -O8 0.87 2.48 3.136 (6) 133
C13-H13.- -011v 0.95 2.52 3.155 (7) 124
C36-H36B-- -Cg3“ 0.99 2.94 3.845 (4) 152
C4A-H4AC-- -Cg5Yi | 1.05(8) | 2.93(7) 3.770 (8) 135 (5)
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Gia tri 1C50 cua céc hop chét peptide tong hop dugc va chit doi
chimg Doxorubicin dwgc so sanh hiéu qua trén 1 dong té bao ung thu va
MDA-MB-231, MCF-7 (Bang 3.5), (Doxorubicin: ICso= 3.18 £ 0.1 uM ddi
VGi dong té bao MDA-MB-231 va 4.17 = 0.2 uM véi dong té bao MCF-7).
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KET LUAN

1. Ba tong hop p-amino acid tir amino acid ty nhién vai hiéu suat cao,
diéu kién don gian phi hop véi phong thi nghiém Hoa Dugc va dic biét 1a san
pham thu dwoc van giit duoc trung tdm bat déi. Cac p-amino acid téng hop
duoc 12 chat dau cho cac chuyén hoa tiép theo dé téng hop macrocyclic
petidomimetic.

2. Pi khao sat va t6i wu diéu kién phan ung RCM tao thanh
macrocyclic petidomimetic, phan tng c6 do chon loc tt va hiéu suit cao. Ap
dung tong hop thanh céng 07 macrocyclic peptidomimetic chira tir 9-13 canh
bang phan tng RCM sir dung xuc tac Grubbs-2.

3. Pi tdng hop thanh cdng cac dan xuat biphenyl peptid véi 2 chudi
peptid ddi xing & vi tri 2,2 vong phenyl c6 chtra 1 hoic 3 amino acid, trong
d6 gdm 6 hop chat chira 1 amino acid mdi chudi va 2 hop chat chira 3 amino
acid mdi chudi. Dt liéu nhidu xa tia X don tinh thé cua 2 biphenyl
peptidomimetic 26 va 27, cho thay ca hai cau trac déu xuat hién lién két hydro
noi phan ti, lién két hydro lién phan tir. Céc sé liéu vé goc xoin gitta cac
amino acid caa ca hai phan tir biphenyl peptidomimetic nam trong ving d6 thi
Ramachandran cho xoén o, hoac phién B, diéu nay cho phép thiét ké cac chudi
peptid twrong tu md phong ciu trdc bac 2 cua protein.

4. Pa tién hanh the nghiém hoat tinh sinh hoc cia mot sb
peptidomimetic tong hop dugc trén té bao ung thu va MDA-MB-231, MCF-7,
két qua cho thiy céc peptidomimetic thir nghiém déu wc ché té bao ung thu va
v6i mie d khéc nhau, hop chat 13d (véi do Ion 11 nguyén tir trong vong) thé
hién kha nang tc ché tot nhat, trong khi 13e va 13f c6 hoat tinh yéu rd rét so
VGi cac hop chat khac trén ca 2 dong té bao.
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KIEN NGHI VE CAC NGHIEN CU'U TIEP THEO

Tbi wu hoa ciu trdc macrocyclic peptidomimetic cac hop chat ¢ ¢
vong 9-12 nham thu duoc hoat tinh tét hon.
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