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TONG HQP CAC DAN CHAT 1-(3-METHOXY-4(4-
PYRIDINYL)ALKYLOXY)PHENYL)-3-(3-(5-METHYL-1H-
IMIDAZOL-1-YL)PROPYL)THIOURE MOI HUONG U’'C CHE
ENZYME GLUTAMINYL CYCLASE

Trédn Phwong Théo'; Hoang Van Hai’

TOM TAT

Muc tiéu: thiét ké, tdng hop va thir tAc dung Grc ché enzym glutaminyl cyclase cha cac dan chét
1-(3-methoxy-4-(4-(pyridinyl)alkyloxy)phenyl)-3-(3-(5-methyl-1H-imidazol-1-yl)propyl)thioure  mai.
Déi twong va phuong phap: tdng hop cac chat muc tiéu dwa trén phan tng héa hoc théng
thwerng. CAu trdc cac chat duwoc khang dinh béng phwong phap phd. Tac dung e ché enzym
glutaminyl cyclase dwoc tién hanh bang phép do huynh quang. Két qué va két luan: da tong
hop, tinh ché thanh céng 6 dan chat 1-(3-methoxy-4-(4-(pyridinyl)alkyloxy)phenyl)-3-(3-(5-
methyl-1H-imidazol-1-yl)propyl)thioure. Cac chét déu dwoc khéng dinh céu trac bang 1H-NMR
va MS ciing nhw thir tAc dung (e ché glutaminyl cyclase véi két qua ICso tir 4,5 - 22,5 nM.

* T khoa: Bénh Alzheimer; Enzym glutaminyl cyclase; U'c ché glutaminyl cyclase; Pyridinyl.

Synthesis of New 1-(3-methoxy-4-(4-(pyridinyl)alkyloxy)phenyl)-3-
(3-(5-methyl-1H-imidazol-1-yl)propylthiourea Derivatives as Glutaminyl
Cyclase Inhibitors

Summary

Objectives: To design, synthesize and evalutate the glutaminyl cyclase inhibition activity of new
1-(3-methoxy-4-(4-(pyridinyl)alkyloxy)phenyl)-3-(3-(5-methyl-1H-imidazol-1-yl)propyl)thiourea
derivatives. Subject and method: The desired compounds were obtained via general reactions
and were confirmed structures by proton NMR spectra, mass spectra. Glutaminyl cyclase
inhibitor activity was performed by fluorometrical assay. Result and Conclusion: 6 novel 1-(3-
methoxy-4-(4-(pyridinyl)alkyloxy)phenyl)-3-(3-(5-methyl-1H-imidazol-1-yl)propyl)thiourea derivatives
were synthesized. All structures were confirmed by 1H-NMR and MS. 6 compounds showed the
potent glutaminyl cyclase inhibitors activity with and 1Cs, value from 4.5 to 22.5 nM.

* Keywords: Alzheimer’s disease; Glutaminyl cyclase; Glutaminyl cyclase inhibitors; Pyridinyl.
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PAT VAN BE

Glutaminyl cyclase (QC, EC 2.5.2.3) la
enzym xuc tac qua trinh déng vong ndi
phéan tlr cac peptid c6 chlra glutamin hoac
axit glutamic thanh B-lactam tai dau gan
N [3, 4]. Cac mang bam amyloid (amyloid
beta-AB) la mét trong hai “nghi pham
chinh” gay ra bénh Alzheimer, tao thanh
tr peptid amyloid beta théng qua mot
qué trinh c6 glutaminyl cyclase tham gia.
Cu thé, amyloid beta bj cit b&i enzym
aminopeptidase tai vi tri sé 3 hoac sé 11
dé giai phong glutamat cho qua trinh déng
vong tiép theo tao thanh pyroglutamat
théng qua QC. Qua trinh nay loai bé hai
hoac ba dién tich trén phan t& peptid,
tang d6 than dau cling nhw tang kha nang
khang aminopeptidase va tang qua trinh
két tap tao mang bam [5, 6, 7, 8]. Do do,
hoat doéng qua mc cta QC la mét qua
trinh bénh sinh ctia bénh Alzheimer, ciing
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nhw ngan chan viéc tao thanh cac mang
bam théng qua (¢ ché QC dwoc coi la
mot phwong phap diéu tri bénh. Céc
nghién ctru trwéc day dwa trén clu tric
co chat cia QC (EFR) da duwa ra
“pharmacophore” clia chat (rc ché QC
bao gdm 4 phan chinh: nhém lién két véi
ion kém imidazol (phan A); nhém chira
lien két hydro (phan B):; nhan thom tao
lien két - (phan C) va phan D mé
phéng clu trac cha arginin cé chia
nguyén t& nito [1, 2]. Trong nghién clru
nay, dwa trén clu tric co chat va chéat
dan dwdng 1 chung t6i da thiét ké, tbng
hop cac dan chét 1-(3-methoxy-4-(4-
(pyridinyl)alkyloxy)phenyl)-3-(3-(5-methyl-
1H-imidazol-1-yl)propyl)thioure véi phan
D 1a dan chat cta pyridin chra mach
nhanh c6 d0 dai khac nhau va thr tac
dung &c ché enzym QC cla chéat tdng

hop duoc.
oS
HN o~
//\N/\/\N S
N\?K H
A B C
1
"
~ R=H
_ R = NH,
n=1-3

Céu tric chung cia cac dan chat méi dwoc thiét ké

Hinh 1: CAu tric co chét, chat dan dwdng 1 va cac dan chat méi dwoc thiét ké.
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DOl TUQONG VA PHUONG PHAP
NGHIEN CUrU

1. Dung méi, héa chat, dung cu.

Dung méi, héa chét duwgc mua ti cac nha
cung cép Aldrich, TCI va Alfa Aesar, v&i do
tinh khiét > 95%, s dung khong qua tinh
ché. Thuc hién séc ky I1&p méng trén ban
moéng 60rs, (Hang Merck). Do nhiét do
néng chay trén may Buchi B-540. Do phb
cong hwéng tlr hat nhan trén may JEOL

2. Toéng hop cac dan chat.

JNM-LA 300 vé&i chét chuan néi TMS, do dich
chuyén héa hoc dwoc bao céo theo ppm.
Phé cong huéng tir **C do trén may JEOL
JNM-LA 300 tai tan sb 75 MHz, Bruker
Analytik, DE/AVANCE Digital 500 tai tan
s6 125 MHz va Ultrashielded Bruker Avance
I HD NMR spectrometer tai tan sb 200 MHz,
phd khdi do trén may 6460 Triple Quad
LC-MS vo&i phwong phap ion héa phun
dién t& (ESI) hodc ban pha nguyén t&v (FAB).

So db téng hop cac dan chéat 1-(3-methoxy-4-(4-(pyridinyl)alkyloxy)phenyl)-3-(3-(5-
methyl-1H-imidazol-1-yl)propyl)thiourea dwg'c minh hoa trong hinh 2.
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Hinh 2: Tac nhan va diéu kién phan &ng.

(a) TBSCI, imidazol, DCM, nhiét d6 phong, 12 gio; (b) Boc,O, t-BuOH, nhiét d6 phong,
12 gi®¥; (c) n-BuLi, THF, -78°C, nhiét do phong, 30 phut, -78°C, sau dé thém diethyl
carbonate, chat 4 hoac 5, 10 phut; (d) LAH, THF, nhiét dé phong, 30 phuat; (e) TBAF,
THF, nhiét d6 phong, 2 gio; (f) 4-nitroguaiacol, DEAD, PhsP, DCM, nhiét d6 phong, 2 gio;
(9) H,, Pd/C, MeOH, nhiét d6 phong, 1 gi¢; (h) 3-(5-methyl-1H-imidazol-1-yl)propan-1-
amine, TCDI, TEA, DCM, nhiét d6 phong, 12 gi@; (i) TFA, DCM, nhiét d6 phong, 12 gio.
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3. Thir tac dung c ché enzym
glutaminyl cyclase.

Tién hanh thr tac dung rc ché enzym
QC tai Khoa Dwoc, Trwéng Pai hoc Québc
gia Seoul va Coéng ty Medifron tai Han
Qubc bang phép do huynh quang [9].

KET QUA NGHIEN CclU
1. Téng hop céc dan chét.

Cac chét thiét ké dwoc tdng hop tir
nguyén liéu ban dau l1a 4-picolin hoac 2-
amino-4-picolin. Dan chét picolin (6) kéo
dai mach bang phan (rng thé ai nhan voi
dan chét bromid (4, 5) d& tao ra mach
nhanh dai 3 hoac 4 carbon (13-14). Trong
khi 6, véi dan chét 2 carbon (10), tAc nhan
thé dwoc st dung la diethyl carbonat. Tién
hanh phan &ng nhanh trong maéi trwdng khan,
nhiét do thap véi base manh n-BuLi. San
pham cda phan &ng sau dé dwoc loai bd
nhom béo vé silyl ether hodc khir héa dé
tao ra nhom OH tw do (18-20) dé tao lién
két ether v&i OH phenol ctia 4-nitroguaiacol
trong phan (ng Mitsunobu ké tiép (24-26).
Céac hop chét nitro thom méi tao thanh
dwoc kh&r nhanh trong khi hydro v&i xuc
tac palladi tao ra cac amin thom (30-32).
Cac amin thom nay két hop véi 1,1'-
thiocarbonyldiimidazol (TCDI) sé cho ra
isothiocyanat in situ; chat nay sau do sé
phan rng vo&i 3-(5-methyl-1H-imidazol-1-
yl)propan-1-amin trong méi trwéng kiém
dé tao ra cac hop chét thioure muc tiéu
(40-42). Trong trwdng hop nguyén liéu la
2-amino-4-picolin (7), quy trinh thyc hién
twong tw v&i cac chét picolin, nhung
nhoém amin ty do can bao vé bang nhom
tert-butoxy carbonyl (Boc) trwéc khi tién
hanh quy trinh va giai phéng vé dang tw
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do & buwéc cudi cung bang axit manh TFA
dé thu dwoc cac chat muc tiéu 37-39.

1-(4-(2-(2-aminopyridin-4-yl)ethoxy)-3-
methoxyphenyl)-3-(3-(5-methyl-1H-
imidazol-1-yl)propyl) thioure (37). Chéat
ran mau trang, hiéu suat 41%, nhiét do
néng chay 60 - 61°C. *H NMR (300 MHz,
CD;0D) 6 7,77 (d, J = 5,49 Hz, 1H); 7,59
(d, J =2,40 Hz, 1H); 6,94 (d, J = 8,43 Hz,
1H); 6,90 (d, J = 2,40 Hz, 1H); 6,73 (dd, J
= 8,40; 2,37 Hz, 1H); 6,66 (s, 1H); 6,59
(dd, J = 5,52, 1,26 Hz, 1H); 6,54 (s, 1H);
4,20 (t, J = 6,60 Hz, 2H); 3,97 (t, J = 6,96
Hz, 2H); 3,79 (s, 3H); 3,59 (t, J = 6,78 Hz,
2H); 2,96 (t, J = 6,39 Hz, 2H); 2,21 (d, J =
1,11 Hz, 3H); 2,02 (quint, J = 6,42 Hz,
2H). ®C NMR (150 MHz, CD;OD) &
183,9; 161,7; 154,8; 152,4; 149,1; 148,3;
138,8; 133,2; 129,7; 127,3; 119,8; 116,5;
115,9; 111,3; 110,3; 71,0; 57,5; 44,2; 43,8;
36,9; 32,2; 9,9. MS (FAB) m/z 441
[M+H]".

1-(4-(3-(2-aminopyridin-4-yl)propoxy)-
3-methoxyphenyl)-3-(3-(5-methyl-1H-
imidazol-1-yl)propyl) thioure (38). Chét
ran mau trang, hiéu suat 22%, nhiét do
nong chdy 148 - 149°C. 'H NMR (500
MHz, CDs0OD) 6 7,75 (d, J = 5,40 Hz, 1H);
7,58 (s, 1H); 6,93 - 6,91 (m, 2H); 6,74 (dd,
J = 8,40; 2,10 Hz, 1H); 6,66 (s, 1H); 6,50
(d, J = 5,35 Hz, 1H); 6,45 (s, 1H); 4,00 -
3,96 (m, 4H); 3,83 (s, 3H); 3,59 (t, J =
6,35 Hz, 2H); 2,70 (t, J = 7,45 Hz, 2H);
2,22 (s, 3H); 2,09 - 2,00 (m, 4H). **C NMR
(125 MHz, CD3;0OD) 6 183,4; 161,8; 155,3;
152,3; 149,3; 148,4; 138,8; 133,6; 129,7;
127,4; 119,8; 116,2; 115,7; 112,3; 110,7;
70,3; 57,4; 44,2; 43,8; 33,3; 32,2; 31,6;
9,9. MS (FAB) m/z 455 [M+H]".
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1-(4-(4-(2-aminopyridin-4-yl)butoxy)-3-
methoxyphenyl)-3-(3-(5-methyl-1H-
imidazol-1-yl)propyl) thioure (39). Chét
rdn mau trdng, hiéu suat 84%, nhiét do
nong chay 102 - 103°C. 'H NMR (300
MHz, CDs0OD) 6 7,75 (d, J = 5,49 Hz, 1H);
7,59 (s, 1H), 6,94 - 6,90 (m, 2H); 6,74 (dd,
J = 8,43, 2,37 Hz, 1H); 6,66 (s, 1H); 6,49
(dd, J = 5,49, 1,47 Hz, 1H); 6,44 (s, 1H);
4,01 - 3,94 (m, 4H); 3,81 (s, 3H); 3,59 (t, J
= 7,14 Hz, 2H), 2,57 (m, 2H); 2,21 (d, J =
0,90 Hz, 3H); 2,05 (quint, J = 6,96 Hz,
2H); 1,79 (m, 4H). **C NMR (125 MHz,
CDCl; + 5% CD;OD) & 181,1; 158,5;
153,3; 149,8; 147,2; 146,4; 136,1; 129,5;
127,1; 125,7; 117,8; 114,2; 113,1; 109,9;
108,5; 68,7; 55,7; 42,1; 41,7; 34,5; 30,0;
28,3; 26,1; 8,7. MS (FAB) m/z 469
[M+H]".

1-(3-methoxy-4-(2-(pyridin-4-yl)ethoxy)
phenyl)-3-(3-(5-methyl-1H-imidazol-1-yl)
propyl)thioure (40). Chét ran mau tréng,
hiéu suat 63%, nhiét dd néng chay 114 -
115°C. 'H NMR (300 MHz, CD;OD) &
8,42 (dd, J = 4,38; 1,47 Hz, 2H); 7,61 (d,
J =1,11 Hz, 1H); 7,43 (dd, J = 4,59; 1,65
Hz, 2H); 6,94 (d, J = 8,61 Hz, 1H); 6,90
(d, J = 2,19 Hz, 1H); 6,73 (dd, J = 8,43;
2,37 Hz, 1H); 6,67 (s, 1H); 4,26 (t, J =
6,21 Hz, 2H); 3,97 (t, J = 7,14 Hz, 2H);
3,78 (s, 3H); 3,58 (t, J = 5,85 Hz, 2H);
3,13 (t, J = 6,21 Hz, 2H); 2,21 (d, J = 1,11
Hz, 3H); 2,02 (quint, J = 6,96 Hz, 2H). *C
NMR (200 MHz, CDCl;) 6 181,2; 150,0;
148,9; 147,9; 146,7; 136,2; 130,1; 127,1;
125,8; 124,5; 117,7; 113,8; 110,0; 68,5;
55,8; 42,1; 41,7; 34,7; 30,0; 8,8. MS(FAB)
m/z 426 [M+H].

1-(3-methoxy-4-(4-(pyridin-4-yl)propoxy)
phenyl)-3-(3-(5-methyl-1H-imidazol-1-yl)
propyl)thioure (41). Chét rdn mau trang,
hiéu suat 26%, nhiét dé néng chay 81 -
82°C. 'H NMR (600 MHz, CD;0D) & 8,39
(dd, J = 4,56; 1,32 Hz, 2H); 7,59 (s, 1H);
7,32 (d, J = 6,42 Hz, 2H); 6,93 (br, 2H);
6,75 (dd, J = 8,28; 2,28 Hz, 1H); 6,66 (s,
1H); 4,00 (t, J = 6,42 Hz, 2H); 3,97 (t, J =
7,32 Hz, 2H); 3,83 (s, 3H); 3,60 (t, J =
6,42 Hz, 2H); 2,88 (t, J = 7,32 Hz, 2H);
2,22 (s, 3H); 2,15 - 2,10 (m, 2H); 2,03
(quint, J = 7,32 Hz, 2H). *C NMR (125
MHz, CD;OD) & 183,4; 154,6; 152,2;
150,7; 149,0; 138,8; 133,4; 129,7; 127,4,
126,6; 119,7; 116,0; 112,1; 70,1; 57,3;
44,2; 43,8; 33,3; 32,2; 31,7; 9,9. MS(FAB)
m/z 440 [M+H]".

1-(3-(1H-imidazol-1-yl)propyl)-3-(3-
methoxy-4-(4-(pyridin-4-yl)butoxy)phenyl)
thioure (42). Chat rdn mau trang, hiéu
suéat 45%, nhiét d& néng chay 58 - 59°C.
'H NMR (500 MHz, CDCl;) & 8,43 (d, J =
6,06 Hz, 2H); 7,51 (s, 1H); 7,36 (s, 1H);
7,12 (d, J = 5,85 Hz, 2H); 6,79 (d, J =
8,97 Hz, 1H); 6,73 (s, 1H); 6,71 - 6,68 (M,
2H); 6,04 (s, 1H); 4,01 (m, 2H); 3,89 (t, J
= 7,14 Hz, 2H); 3,84 (s, 3H), 3,67 (q, J
7,53 Hz, 2H); 2,70 (m, 2H); 2,17 (d, J
0,90 Hz, 3H); 2,06 (quint, J = 7,14 Hz,
2H); 1,88 - 1,86 (m, 4H). *C NMR (75
MHz, CDsOD) & 183,3; 155,2; 152,1;
150,6; 149,3; 138,8; 133,0; 129,7; 127,3;
126,5; 119,8; 115,7; 112,2; 70,9; 57,3;
44.2; 43,8; 36,5; 32,2; 30,6; 28,8; 9,9.
MS(ESI) m/z 454 [M+H]".
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2. Thir hoat tinh tc ché QC.

Két qua thtr hoat tinh cac chat muc tiéu da tbng hop 37-42 dwoc trinh bay & bang 1.

Bang 1: Két qua thir hoat tinh cac hop chét tdng hop dwoc (n = 3).

Chat R n ICs0 (NM)?
37 1 55 (+1,9)
38 -NH2 2 10,7 (£2,5)
39 3 45 (+1,4)
40 1 23,5(+5,2)
41 -H 2 14,4 (£4,4)
42 3 9,1(+28)
1° 29,2 (+4,0)

(a: Néng dé urc ché 50% hoat dé cdia enzym:; b: chét dén duong 1 (ching duong tinh)

BAN LUAN

6 dan chat 1-(3-methoxy-4-(4-(pyridinyl)
alkyloxy)phenyl)-3-(3-(5-methyl-1H-imidazol-
1-yl)propyl)thioure da dwgc tbng hop, tinh
ché trén sac ky cot. Cac chat déu cho mot
vét gon, rd khi khao sat sac ky |ép méng
v&i hé dung méi khac nhau; nhiét dé néng
chay dao déng tr 1 - 2°C. Két qua do phd
'H-NMR cla cac chat déu xuat hién tin
hiéu dac trwng cla vong imidazol, pyridin,
phenyl cling nhw mach nhanh alkyl. Phé
MS clia cac chat déu cho pic gid phan to
m/z [M+H]*. Do d6, c6 thé khang dinh cac
chét téng hop dwoc cé cau tric dung dw
kién.

Cac chét sau d6 dwoc danh gia kha
nang c ché hoat dong cia QC bang
phwong phap huynh quang [9]. Két qua
bang 1 cho thdy céc chét tdng hop dwoc
déu c6 tac dung rc ché QC tét vdi I1Cs, twr
4,5 - 22,5 nM. So véi chét dan dwong 1,
cac chat déu co tac dung tét hon; diéu
nay cho thay ly thuyét mé phdéng agrinin
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ctia nhém nghién ciru chinh xac. CAu trac
pyridin c6 thé tham gia vao lién két hydro
véi trung tdm hoat déng clia enzym. Mat
khéac, cac hop chét pyridin (40-42) déu co
tac dung e ché enzym yéu hon hop chét
2-aminopyridin (37-39) twong &ng, c6 thé
do vai trd tao lién két hydro cta nhom 2-
amino. Cudi ciing, ca 2 day chét déu cho
thdy mach nhanh c6 dd dai 4 carbon cho
kha nang trc ché QC tbt nhét, c6 thé day
la @0 dai t6i wu nhét cho viéc tao thanh
lién két hydro. D& chi rd hon niva ai luc
cla nhan pyridin, dac biét la nhém 2-
amino v&i QC, trong cac nghién clu tiép
theo can tiép tuc thay ddi cAu tric nhan 2-
aminopyridine theo nhi*ng hwéng khac
nhau.

KET LUAN

D3 téng hop, tinh ché thanh cong 6
dan chat 1-(3-methoxy-4-(4-(pyridinyl)
alkyloxy)phenyl)-3-(3-(5-methyl-1H-imidazol-
1-yl)propyl)thioure bang phan (ng hoéa
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hoc théng thwong. Cac chat déu duoc
khang dinh cu tric bang *H-NMR va MS
ciing nhw thir tac dung trc ché QC véi két
qua ICsottr 4,5 - 22,5 nM.

* Loi cam on

Dé tai dwoc hoan thanh nhd mét phan
kinh phi tr Chwong trinh Phong Nghién
ctu trong diém Qudc gia, B6 Khoa hoc va
Cong nghé Han Quéc  (NRF-
2014M3A9D9069725) va L'Oreal-Unesco
Fellowship For Women in Science 2017.
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