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Linh vie ki thuat dwoc dé cip

Sang ché d& cap dén mot hop chat, mot dugc phim bao gdém hoic c6
chtra hop chét nay, mét bo kit bao gém hodc c6 chira hop chét hodc duoc phém
trén, va viéc st dung hop chét hodc duoc phém nay trong chan doan hoic diéu
tri bénh duoc dic trung béi sy biéu hién qua mirc cia protein kich hoat nguyén

bao soi (FAP).

Tinh trang k§ thuit ciia sing ché

Su phat trién va lan rong cta khéi u khéng chi dugc xac dinh boi cac té
bao ung thu, ma con bdi cac thanh phan khong 4c tinh cta thuong ton ac tinh,
duoc xép vao dudi thuat nglt chit dém. Chit dém co thé chiém trén 90% khdi
lwong trong cac khdi u, v6i phan Gmg tao mé sgi nhur ung thu biéu mé tuyén vu,
dai trang va tuyén tuy. Pac biét 1a mot quén thé cac nguyén bao sgi duoc goi 1a
cac nguyén bao soi lién quan dén ung thu (CAFs), dugc biét dén 13 c6 tham gia
vao su tang truong, di can va tié_n trién cta khéi u. Do d6, cac té bao nay 1a muc
tiéu hép dan trong viéc chin doéan va diéu tri chéng lai khdi u.

Mot dic tinh khac biét cia cac CAF l1a su biéu hién cua sepraza hoic
protein kich hoat nguyén bao soi o (FAP-0), mdt glycoprotein lién két mang
loai 1II, thudc ho dipeptidyl peptidaza 4 (DPP4). FAP-a c6 ca hoat tinh
dipeptidyl peptidaza va endopeptidaza. Hoat tinh endopeptidaza phan biét FAP-
o véi cac protein khac trong ho DPP4. Céac chit nén duogc xac dinh cho hoat tinh
endopeptidaza cho dén nay 1a colagen loai I bi bién tinh, ol-antitrypsin va mot
s6 neuropeptit. FAP-0 c6 vai trd trong cac qua trinh phat trién binh thuong,
trong su tao phoi va trong md hinh hod mé. N6 khong hodc chi thé hién ¢ mirc

d6 khong dang ké trén cac mé binh thuong cliia ngudi trudng thanh. Tuy nhién,
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xudt hién biéu hién cao trong khi lanh vét thuong, viém khdp, mang xo vita
dong mach, xo héa va trong hon 90% ung thu biéu mo.

Su xuét hién ctia FAP-a trong cac CAF trong nhiéu khéi u biéu mé va
thuc té 1a su biéu hién qua muc co lién quan dén tién lugng x4u hon & bénh
nhén ung thu, dan dén gia thuyét ring hoat tinh FAP-a c6 lién quan dén su phat
trién ctia ung thu cling nhu trong sy di cin va lan tran cla té bao ung thu. Do
d6, viéc nhdm muc tiéu vao enzym nay dé chan doan hinh anh va ndi xa tri ¢6
thé dugce coi 1a mét chién lugc dﬁy htra hen dé phat hién va didu tri cac khdi u
4c tinh. Céc tac gia sang ché di phat trién mot phan tir nho dua trén chét trc ché
dac hiéu FAP- o vané cé thé cho théy su hép thu dac hi€éu, ndi hoéa nhanh chéng
va tao hinh anh thanh cong déi voi cac khdi u trong cac mo hinh dong vit ciing
nhu déi véi khéi u cua cac bénh nhén. So sanh véi chat danh dau phéng xa F'S-
florodeoxyglucoza (F'3-FDG) thuong st dung da cho thay su vuot troi ro rang
ctia phéi tir FAP-0. méi & bénh nhan bi ung thu biéu mé tuyén phdi tién trién
cuc bd. Do d6, sang ché nay cung cép, khong ké nhing thtr khac gdm: (i) phat
hién cac khdi u nguyén phat nho hon, vi thé c6 kha ning chan dodn sém hon,
(ii) phét hién di can nhé hon, vi thé danh gia tot hon vé giai doan ctia khéi u,
(iii) huéng dan nodi phau chinh xac, tao diéu kién phiu thuat loai b hoan toan
md khdi u, (iv) c¢6 su phan biét tot hon giita mé viém va mo khéi u, (v) xac dinh
giai doan chinh x4c hon cho bénh nhan c¢6 khdi u, (vi) theo d&i tot hon cic

thuong ton khdi u sau khi diéu tri chdng ung thu, (vii) tao co hoi st dung céac
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phén tr [am chat tri liéu dé chan doan va diéu tri. Hon nita, cic phén tir c6 thé -

duoc st dung dé chan doan va di€u tri cac bénh lanh tinh, chang han nhu viém

man tinh, xo vita ddng mach, u xo, tai tao mo va roi loan seo 161.

Bin chit k§ thuit ciia sang ché

Theo khia canh tha nhat, sang ché dé xuét hop chat cé cong thirc (I)
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R3
E’/Q(/Q\R/U\V’W\Y/Z\N
R v \ 32 R2
6/ 1
R 7 1
R RO

trong do:

Q, R, UV, W, Y, Z cé mat hodc Véng mat riéng 1€, véi diéu kién 13 it
nhét 3 trong sb Q,R UV, W, Y, Z cé mat;

Q, R, U, V, W, Y, Z dugc chon doc lap tir nhém gom: O, CHa, NR*,
C=0, C=S, C=NR*, HCR* va R*CR* v6i diéu kién 14 hai O khéng lién ké véi
nhau;

R! va R? dugc chon doc 1ap tir nhém gdm: -H, -OH, halo, Ci-alkyl, -O-
Cie-alkyl, S-Ci¢-alkyl;

R3 duoc chon tir nhém gdm: -H, -CN, -B(OH),, -C(0)-alkyl, -C(O)-aryl-,
-C=C-C(O)-aryl, -C=C-S(O)s-aryl, -COzH, -SOsH, -SO.NH,, -POsH,, va 5-
tetrazolyl;

R* dugc chon tir nhém gdém: -H, -Cis-alkyl, -O-Ci.6-alkyl, -S-C6-alkyl,
aryl, va -Ci.¢-aralkyl, mdi trong s6 -Cis-alkyl néi trén dugc thé tuy y bang tir 1
dén 3 nhom thé duoc chon tir: -OH, oxo, halo va tiy y dugc ndi véi QR U,V,
W, Y hoac Z;

R’ duoc chon tir nhém gdm: -H, halo va Ci-¢-alkyl;

RB\L Y

R® va R7 dugc chon doc lap tir nhém goém: -H, va

8
R\D/B\E/A}f‘ . \
voi diéu kién 1a R va R7 1a khong dong thoi 1a H.

trong d6 L 12 mbi lién két,

trong d6 D, A, E va B c6 mit hodc Véng mat riéng 18, t6t hon la trong dé
it nhat A, E va B ¢6 mat, trong d6 khi c6 mait thi:

D la mbi kién két;

A duoc chon tir nhém gom: NR*, O, S, va CHy;
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E dugc chon tir nhém gom:

|
\(\l/ \L/Lo% | N \{\/\T’P‘

i
9

Cis-alkyl,

FF FF
\ © "
| va ;

trong do11a 1, 2 hoac 3;

trong dojla 1, 2 hoac 3;

trong do k 1a 1, 2 hodc 3;

trong do m la 1, 2 hodc 3;

A va E cung nhau tao thanh mdt nhém dugc chon tu: xycloalkyl,
heteroxycloalkyl, aryl va heteroaryl, trong d6 A va E co thé 1a dang don vong,
hai vong va da vong, tot hon 1a don vong. Mdi A va E duge thé tly ¥ béang tir 1
dén 4 gbc duge chon tir nhom gom: -H, -Cis-alkyl, -O-Ci¢-alkyl, -S-Ci-alkyl,
alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl, alkynyl, aryl va -Ci.¢-
aralkyl, mdi trong 36 Cigalkyl néi trén dugce thé tuy y bang tir 1 dén 3 nhom thé

duoc chon tu: -OH, oxo, halo; va tuy y duogc ndi véi A, B, D, E hoic

B duoc chon tir nhém gom: S, NR?, NR*-O, NR*-Cj.-alkyl, NR*-Cj.¢-

alkyl-NR*, va di vong don hodc dbi thom hodc khong thom chira N ¢6 tir 5 dén
10 canh, t6t hon 14 con bao gém 1 hoac 2 nguyén tir khac loai dugc chon tur O,
N va S, tot hon 1a con bao gdm 1 hodc 2 nguyén tir N, t6t hon 13 trong d6 NR*-
C-¢-alkyl-NR* va di vong chira N dugc thé bang tir 1 d¢én 3 nhém thé duge chon
tir nhom gdm: Cis-alkyl, aryl, Ci.¢-aralkyl; va;

R® dugc chon tir nhém gdm gdc phéng xa, chit cang hoa, thudc nhudém

huynh quang, chat tuong phan va su két hop ctia chung;

4
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X *
C 1a gbc 1-naphtyl hodc tir di vong don hoic d6i thom hoic

khong thom chtra N ¢6 tir 5 dén 10 canh, trong d6 cé 2 nguyén tir vong giita

nguyén t N va X; di vong noéi trén tuy y con bao gom 1, 2 hodc 3 nguyén tir

khac loai dugc chon tir O, N va S; va X 1a nguyén tur C;

hodc chit hdn bién, chat triét quang, hydrat, solvat hoic mudi duwoc dung
cua chung.

Theo khia canh thir hai, sang ché d& cap dén dugce pham c6 chira hodc bao
gdm it nhat moét hop chit cia khia canh thi nhit, va tiy y mot chat mang
va/hoac ta dugc dugc dung.

Theo khia canh thur ba, sang ché dé cap dén hop chét cta khia canh thir
nhét hodc duoc phém cua khia canh th hai, dé st dung trong chan doan hoac
diéu tri bénh duoc dic trung boi su biéu hién quéa muc cua protein kich hoat
nguyén bao soi (FAP) ¢ dong vat hodc nguoi.

Theo khia canh thu tu, sang ché dé cap dén bo kit c6 chira hoac bao gém
hop chit cua khia canh thir nhét hodc duoc phém cua khia canh thir hai va cac

huéng dan cho chin doan hodc diéu tri bénh.

MO ta vin tat cac hinh vé

Tiép theo, ndi dung cua cac hinh v& c6 trong ban md ta nay duge mo ta.
Trong pham vi nay, vui long xem thém phin mé ta chi tiét sang ché nay & trén
va/hodc bén dudi.

Hinh 1: Xac dinh dic tinh trong dng nghiém ctia I'*-FAPI-01 va Lu'”’-
FAPI-02:

A. Lién két cia FAPI-01 va FAPI-02 duoc danh ddu phéng xa véi cac
dong té bao ung thu khac nhau & ngudi cling nhu cac dong té bao dugc chuyén
nhi®m bang FAP-a & nguoi (HT-1080-FAP), FAP-0, & chuot (HEK-muFAP) va
CD26 6 nguoi (HEK-CD26) sau khi u trong 60 phut. B. Pua FAPI-01 va FAPI-
02 dugc danh diu phong xa vao trong cic té bao HT-1080-FAP sau khi 1 trong

5
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10 phut dén 24 gid. Ty 18 ndi héa dugce hién thi 1an lugt bang mau xam va den;
phﬁn lien két ngoai bao dugc thé hién boi cac thanh mau tréng. C. Lién két canh
tranh ciia FAPI-01 va FAPI-02 dugc dénh déu phong xa véi céac té bao HT-
1080-FAP sau khi bd sung ndng do ting dan cta FAPI-01 va Lu-FAPI-02
khong duoc danh déu. D. Pua FAPI-02 vio trong cic dong té bio duoﬁg tinh va
4m tinh véi FAP-0.. Mau xanh nuéc bién: DAPI; mau xanh 14 ciy: FAPI-02-
Atto488. E + F. Dong hoc chay thoat cia FAPI-01 va FAPI-02 sau khi u trong 1
gior cac té bao HT-1080-FAP véi cac hop chét dugc danh diu phéng xa, sau dé
U véi moi truong khong c6 hop chét trong 1 dén 24 gio. T4t ca cac gié tri dugc
dua ra duéi dang ty 18 phan tram cta téng lidu 4p dung duoc chuén héa thanh 1
tridu té bao (% ID/1 triéu té bao).

Hinh 2: Tinh dic hiéu lién k&t va ty 18 ndi hoa twong dbi cia cac din xuat
FAPI:

A-C. Lién két va ty 18 ndi hoa ctia FAPI-03 v6i FAPI-15 so v6i FAPI-02
(dugc xac dinh 12 100%). Ty 1€ ndi hoa sau khi 1 trong 1, 4 va 24 gi¢ dugc mo
ta bang mau xam; phan lién két ngoai bao duoc biéu thi bang cac thanh mau
tréng. D. Lién két cia céc dan xuit FAPI duoc chon véi cac t& bao HEK biéu
hién FAP-o & chudt va CD26 & ngudi sau khi U trong 60 phut. Bén phai: ty 1€
lien két ctia muFAP véi CD26. E. Lién két canh tranh ctia cac dan xuat FAPI
duoc chon véi cac té bao HT-1080-FAP sau khi bd sung ndng do ting dan cia
hop chét khong dugc danh dau.

Hinh 3: Hinh anh ctia FAPI-02 va -04 & chudt mang khdi u ghép ngoai lai
duong tinh véi FAP (HT-1080-FAP) va am tinh véi FAP (Capan-2, SK-LMS-1)
O nguoi:

A + C, E + G. Hinh anh PET cua dong vat nhé dugc chup sau khi tiém
tinh mach 4nmol Ga%®-FAPI-02 va -04 (twong tmg 10 MBq) tai nhiing thoi diém
duoc chi dinh. Chét danh déu phéng xa nhanh chéng duge 1am giau trong khoi
u (dugc biéu thi bang mili tén mau dé), trong khi khong tich tu trong mé khéng
ung thu. Hon nita, sy loai bo nhanh chéng qua thén va bang quang dugc quan

6
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sét thiy. B + D, F + H. Dinh lugng hinh anh PET cho thiy d¢ thanh thai bén
vitng Ga%8-FAPI-02 va -04 khoi hé théng tim mach va sy hap thu lién tiép vao
khéi u.

Hinh 4: Cac thi nghiém phong bé dé phan tich tinh dic hiéu lién két trong
co thé:

A + D. Phong bé su tich tu trong khéi u ctia Ga®®-FAPI-02 va -04 bing
cach st dung ddng thoi 30nmol hop chét khong dugc danh diu ¢ nhiing con
chuét mang khéi u HT-1080-FAP. B + C, E + F. Cac dudng cong hoat tinh theo
thoi gian cta Ga68-FAPI-02 va -04 & cac co quan dugc chon sau khi tiém tinh
mach c6 va khong c6 hop chét khong duge dénh du 1am déi sanh.

Hinh 5: Phan bé trong céc bd phan trong co thé cia Lu'”-FAPI-02 va -
04 & nhitng con chudt trui 16ng mang khéi u HT-1080-FAP:

A-C. Su phan bd sinh hoc cta Lu'”’-FAPI-02 va -04 dugc do bén ngoai
co thé, tai cac thoi diém dugc chi dinh sau khi tiém tinh mach 1 MBq cho
nhitng con chudt mang khéi u ghép ngoai lai HT-1080 duong tinh véi FAP &
nguoi; n =3 cho mdi thoi diém. Céc gia tri da néu dugc biéu thi bz‘?lng phén tram
liéu dugc tiém trén moi gam mo (% ID/g). Chét dénh du phéng xa dugc ching
minh la tich tu trong khdi u biéu hién FAP, cho théy muc do lam giau cao nhét
sau 1 gio dbi v6i FAPI-02 (4,5% ID/g) va 2 gio d6i véi FAPI-04 (5,4% ID/g).
D-F. Ty 1 khéi u so v6i mé binh thuong cua Lul77-FAPI-02 va -04 1a 1, 4 va
24 gio sau khi tiém tinh mach.

Hinh 6-9: Hinh 4nh PET/CT cta FAPI-02 ¢ cac bénh nhan ung thur

6A-C. Dy bdo cudng do t6i da (MIP) ctia anh quét PET/CT & bénh nhan
bi ung thu va di can. D. Hip thu mé ti da ddi véi Ga®-FAPI-02 tai thoi diém
10 phut, 1 gio va 3 gid sau khi tiém tinh mach cho bénh nhéan bi ung thu vu di
can.

7. MIP cta anh quét PET/CT & cac bénh nhan bi ung thu tuyén tuy, ung
thu phdi khong phai té bao nhé (NSCLC) va ung thu biéu md thuc quan va tryc
trang tai thoi diém 1 gio sau khi str dung Ga®®-FAPI-02.

7
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8. MIP cua anh quét PET/CT & cac bénh nhan bi ung thu biéu mé vom
hong va thanh quan tai thoi diém 1 gio sau khi st dung Ga®®-FAPI-02.

9A + B. Hinh anh PET/CT toan than (MIP) tai thoi diém 1 gio sau khi str
dung F8-FDG va Ga®-FAPI-02 cho bénh nhan bi ung thu biéu mé tuyén phdi
tién trién cuc bd. C + D. Hinh anh xuyén truc cia bénh nhan ung thu biéu md
tuyén phoi tai thoi diém 1 gid sau khi sir dung F'*-FDG va Ga®*-FAPI-02.
FAPI-02 duoc tich tu ¢6 chon loc trong mo biéu hién FAP-a va cho théy su hép
thu cao hon dang ké trong cac thuong tén 4c tinh so v&i F8-FDG.

Hinh 10-16: Hinh anh PET/CT cta FAPI-04 & cic bénh nhan bi ung thu:

10. Dy béo cuong do t6i da (MIP) cua anh quét PET/CT & bénh nhan bj
ung thu vu di can tai thoi diém 10 phut, 1 gio va 3 gio sau khi str dung Ga®®-
FAPI-04.

11. MIP cta anh quét PET/CT & cac bénh nhéan bi ung thu biéu mo sigma,
ung thu biéu mé tuyén tién liét, khoi u than kinh, khéi u duong mat, ung thu
biéu mé budng trimg va rudt non tai thoi diém 1 gio sau khi dung Ga**-FAPI-
04.

12. MIP ctia 4nh quét PET/CT & bénh nhan bi ung thu phdi tai thoi diém
1 gid sau khi dung Ga®8-FAPI-04.

13. MIP cuta anh quét PET/CT & bénh nhan bi viém khép gay ung thu tai
thoi diém 1 gio sau khi dung Ga®*-FAPI-04.

14. Hinh anh so sanh cia mdt bénh phéan bi ung thu tuyén tién liét di can.
MIP ctua anh quét PET/CT tai thot diém 1 gio sau khi 4p dung DOTATOC,
PSMA va FAPI-04 duoc danh dau phéng xa.

15. Du bao cudng do tdi da (MIP) va cac dudng cong hoat tinh theo thoi
gian cua anh quét PET/CT cta GA®-FAPi-04 chirc nang ¢ bénh nhéan bi ung
thu tuyén tuy. |

16. Ti 1& lién két twong dbi ctia cac dén xudt FAPI dugc danh ddu Lu-177
so v6i FAPI-04 (duoc dit bang 100%) sau khi u trong 1, 4 va 24 gid trén céc té
bao HT-1080 biéu hién FAP; n=3.
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Hinh 17: Lién két so sanh cta din xuét FAPI dugc chon véi cac té bao
HT-1080-FAP sau khi bd sung ndng d6 ting dan ciia hop chét khong duoc danh
dAu (tir 109 dén 10" M, dugc G trong 60 phit; n=3).

Hinh 18: Lién két ctia cac din xudt FAPI véi cac t& bao HEK biéu hién
FAP & chuot va CD26 & nguoi sau khi 0 trong 60 phit, n=3. Cac gia tri dugc
bidu thi bang ti 16 phan trim ciia lidu ding (%ID) trén mét tridu t& bao.

Hinh 19: Sy phan bd sinh hoc cua cac dan xuit FADI duoc chon trong
ghép tang khac loai HT-1080-FAP tai thoi diém 1, 4 va 24 gio sau khi tiém tinh
manh chét danh diu phéng xa, n=3. Céc gié tri dugc bidu thi bang ti 1¢ phan
tram cua liéu duoc tiém trén mot gam mo (%ID/g).

Hinh 20: Ti 1& khéi u véi mau cia cac dan xuit FAPI duge chon trong
ghép tang khac loai HT-1080-FAP tai thoi diém sau 1, 4 va 24 gio sau khi tiém
tinh mach chét danh dau phéng xa; n=3.

Hinh 21: Hinh anh PET cta FAPI-21 dugc ddnh ddu Ga-68 va FAPI-46
& nhiing con chudt mang khéi u HT-1080-FAP; n=1.

Hinh 22: Céc gié tri hap thu dugc chuén héa téi da (SUV) ctia cac dan
xuat FAPI dugc chon & nhitng con chudt mang khéi u HT-1080-FAP; n=1.

Hinh 23: Céac gia tri hép thu duoc chudn hoa téi da (SUV t5i da, hinh
23A) va trung binh (SUV trung binh, hinh 23B) ctia FAPI-02 va FAPI-04 duoc
danh ddu Ga-68 & cac bénh nhan ung thu; n=25.

AHinh 24: So sanh gifta cac c4 nhén ciia 6 bénh nhan véi 6 loai ung thu
khéac nhau theo hinh anh FDG-PET va FAPI-PET trong vong dudi 9 ngay.

Hinh 25: Hinh anh PET/CT cua FAPI-04 dugc danh dau Ga-68 & céc
bénh nhan bi ung thu biéu mé mang bung (A), co tim (B) va khép héng (C) tai
thoi diém mat gio sau khi sir dung.

Hinh 26: Hinh anh PET/CT ctia FAPI-21 dugc danh ddu Ga-68 & cac
bénh nhan bi ung thu tai thot diém 1 gi0 sau khi st dung.

9/216
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Hinh 27: Hinh anh PET/CT cta FAPI-46 dugc danh diu Ga-68 tai thoi
diém 1 gio sau khi st dung, va hinh anh tri li€u bén trong ciia FAPI-46 dugc
danh diu Sm-135 tai thoi diém 30 phit sau khi tiém & cac bénh nhén ung thu.

Hinh 28: Hinh anh tri li€u bén trong cia FAPI-46 dugc danh d4u Sm-135
1én dén 20 gio sau khi tiém.

Hinh 29: A. Dy bio cudng d6 tdi da (MIP) tai thoi diém 1 gid sau khi
tiém tinh mach Ga®®-FAPI-46 cho bénh nhan bi ung thu biéu mé dai trang di
can. B. Hinh anh btrc xa him tai thoi diém 2 gio sau khi diéu tri tri liéu véi Y-
FAPI-46 ¢ cung bénh nhan.

Hinh 30: Hinh anh PET/CT cta FAPI046 duoc danh ddu Ga-68 tai thoi
diém 1 gio sau khi sir dung d6i véi cac bénh nhan bi ung thu phdi bi xo phdi vo
can. A, B. Su hip thu tdi da chét danh diu vao m6 khéi u 13 cao hon dang ké so
v6i vao cac mé thuong ton xo hoéa khong tram trong. C. Sy hép thu téi da chét
danh diu vao mé khéi u thép hon mét chit so véi vao md bi xo hda trAm trong.

Hinh 31: A. Lién két ctia FAPI-19 dugc danh d4u Tc-99m véi cac té bao
HT-1080-FAP; n=3. B. Lién két canh tranh cua FAPI-19 duoc danh diu Tec-
99m véi cac té bao HT-1080-FAP sau khi bo sung ndng do ting dan cta hop
chét khong duge danh dau (tir 10719 dén 107 M, duoc 0 trong 60 phut; n = 3). C.
Xa hinh cta FAPI-19 duoc danh dau Tc-99m trong ghép tang khac loai HT-
1080-FAP, n=1. |

Hinh 32: A. Lién két ctia FAPI-34 dugce danh dau Tc-99m véi cac té bao
HT-1080-FAP, n=3. B. Xa hinh cua FAPI-34 dugc danh diu Tc-99m trong
ghép tang khac loai HT-1080-FAP, n=1.

Hinh 33: Xa hinh cua FAPI-34 duoc déanh diu Tc-99m & mot bénh nhan
bi ung thu biéu mé tuyén tuy di can.

Hinh 34: Lién két ctia cac dan xuét FAPI dugc danh ddu Pb-203 véi cac
té bao HT-1080-FAP, n=3. B. Pong hoc chay thoét clia cic din xuét FAPI duoc
danh ddu Pb-203 sau khi 0 cac té bao HT-1080-FAP véi hop chat duoc danh
diu phong xa trong 60 phut va tiép tuc i v6i moi truong khong phéng xa trong
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1 dén 24 gio, n=3. C. Lién két canh tranh cia cac FAPI duoc danh dau Pb-203
véi chc té bao HT-1080-FAP sau khi bd sung ndng do ting dan ciia hop chét
khong dwoc danh dAu (tir 1010 dén 10-° M, duge 0 trong 60 phut, n=3).

Hinh 35: Xa hinh cia FAPI-04 va FAPI-46 dugc danh diu Pb-203 trong
ghép tang khac loai HT-1080-FAP, n=1.

Hinh 36: Phan bé sinh hoc ciia FAPI-04 va FAPI-46 dugc danh déu Pb-
203 trong ghép tang khac loai HT-1080-FAP tai thoi diém 1, 4, 6 va 24 gid sau
khi tiém tinh mach chit danh dau phéng xa, n=3. Céc gia tri dugc biéu thi béng
ti 16 phan trim cta lidu duoc tiém cho mdi gam md (%ID/g).

Hinh 37: A. Lién két cia FAPI-42 va FAPI-52 dugc danh dau Cu-64 véi
cac té bao HT-1080-FAP, n=3. B. Lién két canh tranh ciia FAPI-42 va FAPI-52
duoc danh diu Cu-64 véi cac té bao HT-1080-FAP sau khi bd sung ndéng do
tang dan ctia hop chat khong duge danh dau (tir 10° dén 10-° M, dugc G trong
60 phut, n=3). C. Pong hoc chay thoat cia FAPI-42 va FAPI-52 dugc danh dau
Cu-64 sau khi 0 cac té bao HT-1080-FAP v6i hop chat duge danh déu phong xa
trong 60 phut va tiép tuc G véi mdi trudng khong phong xa trong 1 dén 24 gio,
n=3.

Hinh 38: Hinh anh PET cua FAPI-42 va FAPI-52 dugc danh dau Cu-64 &
nhitng con chudt mang khdi u HT-1080-FAP; n=1.

Hinh 39: Hinh anh PET cua FAPI-42 va FAPI-52 dugc danh dAu AIF-18
& nhirng con chudt mang khéi u HT-1080-FAP; n=1. |

Hinh 40: A. Hinh anh PET ctia dong vat nho cua FAPI-02 duoc danh dau
Ga-68 ¢ nhitng con chudt tryi 16ng mang khéi u US7MG 1én dén 140 phut sau
khi tiém tinh mach chét danh dau phéng xa. Khéi u duge biéu thi bing miii tén
mau do. B. Phan bé sinh hoc ctia FAPI-02 va FAPI-04 duoc dénh dau Lu-177 &
nhitng con chudt trui 16ng mang khéi u US7MG tai thoi diém 1, 4 va 24 gid sau
khi tiém tinh maéh bang chét danh déu phong xa; n=3.
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Hinh 41: Ti 18 khdi u so véi bd phan cuia FAPI-02 va -04 dugc danh diu
Lu-177 & nhitng con chudt mang khéi u US7MG tai thoi diém 1, 4 va 24 gid sau
khi tiém tinh mach.

Hinh 42: Dy béo cudng dd t6i da (MIP) cta anh quét PET/CT & bénh
nhan bi u nguyén bao than kinh dém tai thoi diém 10 phut, 1 gio va 3 gid sau
khi str dung Ga®®-FAPI-02.

Hinh 43: Cac hinh anh dién hinh (MRI c6 trong sé T1 ting cudng do
twong phan, FAPI-PET va céc hinh 4nh hop nhat ctia ca hai phwong thirc) cia u
nguyén bao than kinh dém c6 trong s6 IDH, u than kinh dém dot bién IDH d6 11
WHO va u nguyén bao than kinh dém dot bién IDH.

Hinh 44: Gié tri SUVmax (gi4 tri hap thu duoc chuin hoa t6i da) tuyét
dbi cua tit ca 18 u than kinh dém.

Hinh 45: Phan tich théng ké cac gia tri SUVmax/BG. Cac so dd cla cac
gia tri SUVmax/BG va cac duong cong ROC tuong ung tinh bang GBM so véi
khong phai GBM (a, b), u than kinh dém dang dot bién IDH so véi u t_hﬁn kinh
dém dang tu nhién IDH (c, d) va u than kinh dém d6 I so vé&i u than kinh dém
do HI/1V (e, ).

Hinh 46: Su (e ché hoat tinh FAP enzym phu thudc vao lidu bang FAPI-
04 va Talabostat. Ngugc lai véi Talabostat, mot chit e ché DPP4 manh véi
hoat tinh FAP can bién, FAPI-04 thé hién su tc ché FAP manh mé phu thudc
vao liéu. ‘

Hinh 47. Tai hip thu FAPI-04 va FAPI-46 duoc danh dau Lu'”’ & cac té
bao HT-1080-FAP. Sau khi 0 céc t& bao v6i chit danh dau phéng xa trong 60
phut ¢ 37°C, céac hop chét dugc loai bé va moi truong khong phong xa cé (+
Comp.) va khoéng c¢é hop chat khong duge danh diu (- Comp.) dugc b sung va
0 trong 10 phut dén 6 gio. Ngay trong vong 10 phut u dau tién, su hip thu méi
cta cac dan xuat FAPI khéng duge danh dAu xay ra, thay thé cac phan ctia phan
duoc dénh d4u phong xa, dan dén két qua gia tri phong xa thap hon dang ké khi
so sanh v&i méi trudmg nguyén chét khong cé ddi tugng canh tranh. Sau 6 gio 1,
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su thay thé gi nhu hoan toan cia cac FAPI duoc danh diu phéng xa di xay ra.
Nhitng phat hién nay cho thay su tai hdp thu lién tuc ctia cac phan tir FAP
nguyén ven trd lai mang té bao sau qué trinh ndi héa ban dau, cho phép lién két
va ndi hoa méi cac phéi tir FAP.

Hinh 48: Phan bd trong cac co quan ciia PAPI-04 dwoc danh dau Lu'”’
sau khi tiém mdt 14n hodc nhiéu 14n vao nhiing con chudt trui 16ng mang khéi u
HT-1080-FAP. Sir dung hai lidu Lu!”-FAPI-04 bing nhau trong khoang thoi
gian 4 gid dan dén 1am tang cac hoat tinh téng thé cua cac co quan, bao gdm ca
khéi u, duge do tai thoi diém 8 gid va 24 gid sau khi tiém 1an dau. Nguoc lai,
dung ba lidu (lidu ban dau cao hon, cac lidu tiép theo thip hon) cho thy khong
¢6 su thay doi nao trong cac hoat tinh téng thé cia cac co quan.

Hinh 49: Lién két cla cac dan xudt F-18-FAPI véi céc té bao HT1080
biéu hién FAP & ngudi sau khi u trong 10, 30, 60 va 90 phut, n = 3. Céc gia tri
duoc biéu thi bang phan tram cia lidu 4p dung (% ID) trén 1 tridu té bao.

Hinh 50: Hinh anh PET cta FAPI-74 va FAPI-52 duoc danh diu AIF-18
& nhimg con chudt mang khéi u HT-1080-FAP; n=1.

Hinh 51: Phan bd sinh hoc ctia FAPI-75 trong ghép tang khac loai HT-
1080-FAP tai thoi diém 1, 4 va 24 gid sau khi tiém tinh manh chét danh dau
phong xa, n=3. Céc gia tri dugc biéu thi bang phan trim cua liéu tiém trén mot
gam mo (%ID/g).

Hinh 52: Hinh anh PET ctia bénh nhan ung thu phdi khong phai té bao
nho: su tich tu manh mé cia FAPI-74 dugc danh dau F18 trong nhiéu di can.

Hinh 53: Cac duong cong hoat tinh theo thoi gian clia vung tim (gia tri
SUVmean) déi véi FAPI-04 va -46 1a sy minh hoa cho sy thanh thai bé mau
nhanh.

Hinh 54: FAPI-02 va FAPI-04 tai thoi diém chup anh khac nhau (10 phut,
1 gior va 3 gio sau khi tiém) ¢ 2 bénh nhan bi ung thu v di can. Nhim muc tiéu
khdi u nhanh chéng va thanh thai mau nhanh duge theo sau bdi mét giai doan
6n dinh kéo dai ma khong c6 su thay déi lién quan vé do tuong phan hinh anh
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(trén cung). So sanh voi FAPI-02, phéi tir FAPI-04 dugc dic trung boi thoi gian
luu gitr khéi u kéo dai (dudi cung).

Hinh 55: Liéu hiéu quéa ctia FAPI-02 1a 1,80E-02 mSv/MBq dugc tinh
bing OLINDA (1,82E-02 véi IDACI/IICRP60, va 1,79E-02 véi
IDAC2/ICRP103). Liéu hiéu qua cho FAPI-04 PET/CT la 1,64E-02 mSv/MBq
duge tinh biang OLINDA (1,66BE-02 véi IDACI/ICRP60, va 1,35E-02 véi
IDAC2/ICRP103). Néu quét cham tai thoi diém 3h sau khi tiém duge bé qua
trong thuc hanh 1am sang, hoat dong thuong quy cho mdot thir nghiém FAPI ¢6
thé giam xubng con 200 MBq Ga®; lién tiép, liéu buc xa ctia 1an quét FAPI-
PET/CT nhu vay s¢ 13 3-4 mSv.

Hinh 56: A) Ga%8-FAPI-04 tai thoi diém 1 gio sau khi tiém tai c4c thuc
thé khoi u khac nhau trong PET/CT. SUVmax trung binh cao nhét (> 12) dugc
tim thay & ung thu mo lién két, ung thu thuc quan, ung thu vi, ung thu biéu mb
duong mat va ung thu phéi. Su hip thu FAPI thip nhét (SUVmax trung binh
<6) da dugc quan sat thiy & té bao than, tuyén giap biét hoa, u nang tuyén, ung
thu biéu mé da day va u tiy thuong than. SUVmax trung binh ctia ung thu biéu
mé té bao gan, ung thu bidu md dai truc trang, ung thu dau - cd, ung thu biéu
mo budng tring, ung thur bidu md tuyén tuy & gitta (SUV 6 <x <12). Trong tat
c& céc thuc thé khéi u, ngudi ta dd quan sat thdy su khac biét cao giita cac c4
thé. Do hoat tinh nén thdp (SUV 2), nén ty 18 khdi u trén nén 14 > 2 1an trong
nhém hép thu & gitta, va > 4 14n trong nhém hép thu cudng d6 cao. B) Cac thuc
thé khéi u nguyén phat thé hién sy hip thu SUV tuong tu so véi cac thuc thé
khdi u str dung FAPI-04. |

Hinh 57: Hinh anh PET dién hinh cta cac thuc thé khéi u khac nhau da
duge sir dung dé dinh lugng dugce trinh bay trong hinh 56 A-B.

M3 ta chi tiét sang ché
Trude khi sang ché duge md ta chi tiét dudi dy, can phai hiéu rang sang
ché nay khéng bi gi¢i han & phuong phap, quy trinh va thubc thir cy thé duoc
14
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mo ta trong tai liéu nay vi ching co thé khac nhau. Ciing cin dugc hiéu ring
thuat nglr dugc sir dung & day chi nhim muc dich mé ta cac phuong an cu thé,
va khong nhim muc dich gidi han pham vi cta sang ché ma s& chi bi gidi han
boi cac yéu cau bao ho kém theo. Trir khi duoc dinh nghia khac, tat ca cac thuat
ngit khoa hoc va k¥ thuét dugc sir dung & day déu c6 cing y nghia nhu duoc
hiéu théng thudng bdi ngudi cé trinh do trung binh trong linh vuc nay.

T6t hon 13, cac thuat ngit duge str dung & day dugce dinh nghia nhu dugc
mé ta trong "Tir dién da ngén ngit vé cac thuat ngit cong nghé sinh hoc:
(Khuyén nghi ctia TUPAC)", Leuenberger, H.G.W, Nagel, B. va Klbl, H. bién
tap. (1995), Helvetica Chimica Acta, CH-4010 Basel, Thuy S7).

Trong sudt ban mé ta ndy va cac yéu cau bao ho theo sau, trir khi ngir
canh c6 yéu cau khac, tir "gém cé" va cac bién thé nhu "bao gdm" va "chira", s&
duoc hiéu 12 bao gdm mét s nguyén hoic budc hoic nhém di néu cia céc 50
nguyén hodc cac budc nhung khong loai trur bat ky sb nguyén hoic budc hoic
nhém cuia cac s nguyén hoic cac budce nao khac. Trong cic doan sau, cic khia
canh khac nhau cta sang ché s& duogc xac dinh chi tiét hon. Mdi khia canh dugc
xéac dinh nhu vy c6 thé duoc két hop véi bat ky khia canh hodc cac khia canh
nao khac trir khi ¢6 chi dinh nguoc lai 16 rang. Cu thé, bat ky tinh ning nao
duge chi dinh 1a tay chon, duoc u tién hodc c6 lgi c6 thé duge két hop véi bat
ky tinh ning hodc cac tinh nang nao khac dugc chi dinh la tuy chon, dugc vu
tién hoac co6 loi.

Mot sb tai lidu dugce trich dan trong toan bd ndi dung cua ban md ta nay.
M3bi tai liéu duoc trich ddn & ddy (bao gom tht ca céc bang sang ché, don xin
cap bang sang ché, 4n pham khoa hoc, thong s6 k§ thuét ctia nha san xuét,
hudng dan, v.v...), du la & trudc hay & sau, déu dugce dua vao day bang cach
vién dan. Khéng c6 ndi dung nao & day duoc hiu 14 sy thira nhén ring sang ché
khéng cé quyén xac dinh trudce viéc tiét 16 thong tin d6 nho sang ché trude do.
Mot s6 tai lidu duge trich dan & day dugc mo ta la “dwoc dwa vao bc%ng cach
vién dan”. Trong trudng hop cé su xung dot gitta cac dinh nghia hodc chi dan
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cua cac tai liéu tham khao dugc két hop va cac dinh nghia hoéc chi dan dugc
néu trong ban mo ta nay thi van ban cta ban mo ta nay dugc uu tién.

Sau déy, cac yéu to clia sang ché s& duge mé ta. Céac yéu td nay duoc liét
ké theo céc phuong 4n cu thé; tuy nhién, can hiéu ring chung c6 thé dugc két
hop theo bit ky cach nao va véi sé luong bat ky dé tao ra cac phuong an bd
sung. Cac vi du dugc mo ta khac nhau va cadc phuong an dugc uu tién khong
nén dugc hiéu 12 gi6i han sang ché & chi cac phuong 4n da duge mé ta rd rang.
Phan mo ta nay nén dugc hidu 12 dé hd trg va bao gdm céc phuong an két hop
cac phuong an dugc md ta rd rang voi 36 lugng yéu td duoc bodc 16 va/hoic
duoc ua tién bat ky. Hon nita, bt ky su hoan vi va két hop nao cua tat ca céc
yéu t6 dugc mo ta trong sang ché nay phai duoc coi 1 bdc 19 trong ban md ta
clia sang ché nay, trir khi ngit canh c6 quy dinh khéc.

Céc dinh nghia

Duéi day, mot sb dinh nghia vé céc thuét ngit thuong dugce st dung trong
ban mo ta nay dugc dua ra. Céc thudt ngit nay, trong mdi truong hop str dung
noé, trong phan con lai ctia ban mo ta ndy s& c6 nghia duge xac dinh tuong mg
va nghia dugc uu tiéu.

Khi dugc str dung trong ban k§ thuat nay va trong cac yéu cau bao ho
duoc dua ra, céc dang gidi tir dang s6 it "mot" 1a gém ca cac tham chiéu sd
nhiéu, trir khi n6i dung chi dinh khdc mot cach rd rang.

Trong cdc dinh nghia dudi day cac thudt ngii: alkyl, heteroalkyl,
xycloalkyl, heteroxycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, alkenyl va
alkynyl da dugc dua ra. Cac thuat ngit nay trong mdi trudng hop st dung né
trong phan con lai ctia bAn mé ta nay s& c6 nghia dugc xac dinh tuong ng va
nghia dugc uu tién.

Thuat nglr “alkyl” dé chi chudi cacbon mach thang hoic mach nhanh bao
hoa. Tt hon la, chudi nay c6 chira tir 1 dén 10 nguyén tur cacbon, tic la 1, 2, 3,

4,5,6,7,8,9 hoac 10, vi du metyl, etyl metyl, etyl, propyl, iso-propyl, butyl,
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iso-butyl, tert-butyl, pentyl, hexyl, pentyl, hoic octyl. Cac nhém alkyl duoc thé
tuy y.

Thuat ngit “heteroalkyl” dé chi chudi cacbon mach thang hodc mach
nhanh bdo hoa. Tt hon 13, chudi ndy c¢6 chira tir 1 dén 9 nguyén tir cacbon, tirc
lal,2,3,4,5,6,7,8,9, vi du metyl, etyl, propyl, iso-propyl, butyl, iso-butyl,
sec-butyl, tert-butyl, pentyl, hexyl, pentyl, octyl, ma bi gidn doan mot hodc
nhiéu 1an, vi du 1, 2, 3, 4, 5 v6i cac nguyén tir khac loai gidng hodc khac nhau.
Tét hon 1a céc nguyén tir khéc loai dugce chon tr O, S Vé N, vi du -O-CHj3, -S-
CH3, -CH»2-O-CH3, -CH»2-O-C:Hs, -CH2-S-CHs, -CH2-S-C2Hs, -CoHs-O-CHs, -
CyH4-0O-CyHs, -CoHy-S-CH;3, -CaHy-S-CoHs v.v... Cac nhom heteroalkyl duoc
thé tuy .

Céc thuat ngit "xycloalkyl" va "heteroxycloalkyl", dimg riéng 1é hoic két
hop véi cac thuat nglr khac, thé hién, trir khi c6 quy dinh khéc, dang vong cua
"alkyl" va "heteroalkyl", twong Ung, t6t hon 1a vé6i 3, 4, 5, 6,7, 8, 9 hodc 10
nguyén tr tao thanh mot vong, vi du xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, xycloheptyl, xyclooctyl v.v... Cac thuit nglt "xycloalkyl" va
"heteroxycloalkyl" cling ¢6 nghia 1a bao gdm cac dang hai vong, ba vong va da
vong cua chung. THt hon 14, thuat ngit “heteroxycloalkyl” dé chi vong bio hoa
¢6 nam nguyén tir trong s6 d6 it nhit mot nguyén tir 1a nguyén tir N, O hodc S
va tuy y chtra thém mot O hodc mot N bd sung; vong bdo hoa cé sau nguyén tir
trong s6 do it nhat mét nguyén tir 1a nguyén tir N, O ho#ic S va tiy ¥ chita thém
mot O hoac mdt N hodc hai nguyén tir N bd sung; hodc vong hai vong bdo hoa
¢6 chin hodc muoi nguyén tir, trong do it nhat mot nguyén tir 1a nguyén tir N, O
hodc S va tuy y c6 chira mot, hai hodc ba nguyén tir N bd sung. Cac nhém
“xycloalkyl” va “heteroxycloalkyl” dugc thé tuy y. Ngoai ra, dbi voi
heteroxycloalkyl, nguyén tir khac loai c6 thé chiém vi tri ma tai d6 di vong duoc
gin vao phan con lai chia phan t&. Cac vi du vé xycloalkyl bao gbm:
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, 1-xyclohexenyl, 3-
xyclohexenyl, xycloheptyl, spiro[3,3]heptyl, spiro[3,4]octyl, spiro[4,3]octyl,
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spiro[3,5 Jnonyl, spiro[ 5,3 |nonyl, spiro[3,6]dexyl, spiro[6,3]dexyl,
spiro[4,5]dexyl, spiro[5,4]dexyl, bixyclo[2.2.1]heptyl, bixyclo[2.2.2]octy],
adamantyl va tuong tu. Céc vi du vé heteroxycloalkyl bao gom: 1-(1,2,5,6-
tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-mocpholinyl, 3-
mocpholinyl, 1,8 diazo-spiro-[4,5] dexyl, 1,7 diazo-spiro-[4,5] dexyl, 1,6 diazo-
spiro-[4,5] dexyl, 2,8 diazo-spiro[4,5] dexyl, 2,7 diazo-spiro[4,5] dexyl, 2,6
diazo-spiro[4,5] dexyl, 1,8 diazo-spiro-[5,4] dexyl, 1,7 diazo-spiro-[5,4] dexyl,
2,8 diazo-spiro-[5,4] dexyl, 2,7 diazo-spiro[5,4] dexyl, 3,8 diazo-spiro[5,4]
dexyl, 3,7 diazo-spiro[5,4] dexyl, 1-azo-7,11-dioxo-spiro[5,5] undexyl, 1,4-
diazabixyclo[2.2.2]oct-2-yl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl,
tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl va tuong
tu.

Tét hon 13, thudt ngit “aryl” dé chi vong don vong thom cé chira 6
nguyén tir cacbon, hé vong hai vong thom c6 chira 10 nguyén tir cacbon hodc hé
vong ba vong thom c6 chira 14 nguyén tir cacbon. Vi du nhu phenyl, naphtyl
hodc antraxenyl. Nhém aryl dugc thé tuy y.

Thuat ngtr “aralkyl” dé chi gbc alkyl duoc thé bing aryl, trong d6 alkyl
va aryl c6 nghia nhu dugc néu 6 trén. M6t vi du la gbc benzyl. Tét hon 13, trong
pham vi nay, chudi alkyl ¢6 chira tir 1 dén 8 nguyén tir cacbon, tirc 13 1, 2, 3, 4,
5, 6, 7 hodc 8, vi du metyl, etyl metyl, etyl, propyl, iso-propyl, butyl, iso-butyl,
sec-butenyl, fert-butyl, pentyl, hexyl, pentyl, octyl. Nhém aralkyl dugc thé tuy y
tai vi tri alkyl va/hodc aryl cua nhom.

Tt hon 13, thuat ngit “heteroaryl” dé chi vong don vong thom c¢6 5 hozic
6 canh, trong d6 it nhat mot trong sé cac nguyén tir cacbon dugc thay thé bing
1,2, 3 hodc 4 (dbi voi vong ¢6 5 canh) hodc 1, 2, 3, 4 hodc 5 (dbi v6i vong ¢6 6
canh) nguyén tir khac loai gidng hoic khac nhau, t6t hon 1a dugc chon tir O, N
va S; hé vong hai vong thom trong d6 1, 2, 3, 4, 5 hodc 6 nguyén tir cacbon
trong s6 8, 9, 10, 11 hodc 12 nguyén tir cacbon dd duogc thay thé biang cac

nguyén tir khac loai gidng hoic khac nhau, tdt hon 13 duge chon tir O, N va S;
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hodc hé vong ba vong thom trong d6 1, 2, 3, 4, 5 hodc 6 nguyén tir cacbon trong
s6 13, 14, 15 hodc 16 nguyén tir cacbon dd dugc thay thé bang cic nguyén ti
khac loai giéng hodc khac nhau, tot hon 1 duogc chon tir O, N va S. Céc vi du 1a
oxazolyl, isoxazolyl, 1,2,5-oxadiazolyl, 1,2,3-oxadiazolyl, pyrolyl, imidazolyl,
pyrazolyl, 1,2,3-triazolyl, thiazolyl, isothiazolyl, 1,2,3,-thiadiazolyl, 1,2,5-
thiadiazolyl, pyridinyl, pyrimidinyl, pyrazinyl, 1,2,3-triazinyl, 1,2,4-triazinyl,
1,3,5-triazinyl, 1-benzofuranyl,  2-benzofuranyl,  indoyl, isoindoyl,
benzothiophenyl, 2-benzothiophenyl, 1H-indazolyl, benzimidazolyl,
benzoxazolyl, indoxazinyl,  2,1-benzosoxazoyl, benzothiazolyl, 1,2-
benzisothiazolyl, 2,1-benzisothiazolyl, benzotriazolyl, quinolinyl, isoquinolinyl,
quinoxalinyl, quinazolinyl, quinolinyl, 1,2,3-benzotriazinyl, hodc 1,2,4-
benzotriazinyl.

Thuét ngit “heteroaralkyl” dé chi gbe alkyl dugc thé bang heteroaryl,
trong do alkyl va heteroaryl c6 nghia nhu dugc néu trén. Mot vi du la 2-
alkylpyridinyl, 3-alkylpyridinyl, hodc 2-metylpyridinyl. Tét hon 13, trong pham
vi nay chudi alkyl c6 chua tir 1 dén 8 nguyén tir cacbon, tucla 1,2,3,4,5,6,7,
hoic 8, vi du: metyl, etyl metyl, etyl, propyl, iso-propyl, butyl, iso-butyl, sec-
butenyl, tert-butyl, pentyl, hexyl, pentyl, octyl. Nhém heteroaralkyl dugc thé
tuy y tai vi tri alkyl va/hoac heteroaryl ctia nhom.

Thuét ngtt “alkenyl” va “xycloalkenyl” dé chi cac chudi hodc cac vong co
chira cac nguyén tir cacbon khong bao hoa olefin ¢ mdt hodc nhiéu lién két doi.
Céc vi du la propenyl va xyclohexenyl. Tt hon 13, chudi alkenyl ndy c6 chira tir
2 dén 8 nguyén tir cacbon, tic 1a 2, 3, 4, 5, 6, 7, hodc 8, vi dy: etenyl, 1-
propenyl, 2-propenyl, iso-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, iso-
butenyl, sec-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, hexenyl,
pentenyl, octenyl. T4t hon 13, vong xycloalkenyl nay ¢6 chua tir 3 dén 8 nguyén
tir cacbon, tic 14 3, 4, 5, 6, 7 hoac 8, vi du 1-xyclopropenyl, 2-xyclopropenyl, 1-
xyclobutenyl,  2-xlcobutenyl, 1-xyclopentenyl,  2-xyclopentenyl,  3-

xyclopentenyl, xyclohexenyl, xyclopentenyl, xyclooctenyl.
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Thuat ngit “alkynyl” dé chi cac chudi hodic cac vong cé chita cic nguyén
tir cacbon khéng bao hoa c6 mot hoac nhiéu lién két ba. Mot vi du l1a géc
propargyl. Tét hon 13, chudi alkynyl nay c6 chua tir 2 dén 8 nguyén tir cacbon,
tac 1a 2, 3, 4, 5, 6, 7 hoic 8, vi du etynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-
butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, hexynyl,
pentynyl, octynyl.

Theo mdt phuong an, cac nguyén tu cacbon hodc cic nguyén tir hydro
trong cac goc alkyl, heteroalkyl, xycloalkyl, aryl, aralkyl, alkenyl, xycloalkenyl,
alkynyl c6 thé duoc thé doc 1ap vé6i nhau bing mét hodc nhidu nguyén t& dugc
chon tir nhém gém O, S, N hoac béng cac nhom c6 chra mdt hoac nhiéu
nguyén t6 duge chon tir nhém gém O, S, N.

Céc phuong an bao gdm cac gdc alkoxy, xycloalkoxy, arykoxy, aralkoxy,
alkenyloxy, xycloalkenyloxy, alkynyloxy, alkylthio, xycloalkylthio, arylthio,
aralkylthio,  alkenylthio,  xycloalkenylthio,  alkynylthio,  alkylamino,
xycloalkylamino, arylamino, aralkylamino, alkenylamino, xycloalkenylamino,
alkynylamino.

Cac phuong an khac bao gdm céc gbc hydroxyalkyl, hydroxyxycloalkyl,
hydroxyaryl, hydroxyaralkyl, hydroxyalkenyl, hydroxyxycloalkenyl,
hydroxyalinyl, mecaptoalkyl, mecaptoxycloalkyl, mecaptoaryl, mecaptoaralkyl,
mecaptoalkenyl, mecaptoxycloalkenyl, mecaptoalkynyl, aminoalkyl,
aminoxycloalkyl, aminoaryl, aminoaralkyl, aminoalkenyl, aminoxycloalkenyl,
aminoalkynyl.

Theo mdt phuong an khac, cac nguyén tr hydro trong cac gbe alkyl,
heteroalkyl, xycloalkyl, aryl, aralkyl, alkenyl, xycloalkenyl, alkynyl c6 thé duoc
thé doc lap véi nhau bang mét hoic nhiéu nguyén tir halogen. Mot gbe 1a gbe
triflorometyl.

Néu hai hodc nhiéu géc c6 thé duge chon doc 1ap véi nhau, thi thuét ngix

“doc 1ap” c6 nghia la cac goc nay c6 the giong hodc khac nhau.
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Nhu duge st dung & day, tir ngit xac dinh gidi han clia mot pham vi d¢
dai, chéng han nhu, vi dy, “tur 1 dén 6” c6 nghia 12 sd nguyén bét ky tir 1 dén 6,
tac la 1, 2, 3, 4, 5 va 6. N6i cach khac, pham vi bat ky dugc xac dinh béi hai )
nguyén dugc dé cap rd rang déu c6 nghia 1a bao gbm va bdc 16 s6 nguyén bat ky
xéc dinh gidi han noi trén va s& nguyén bat ky bao gdm trong pham vi néi trén.

Thuéat ngt “halo” nhu duge sir dung & day dé chi gbc halogen dugce chon
tir nhém gdm F, Br, I va CL. Tét hon 13, halogen 1a F.

Thuat ngtr “mdi lién két” nhu duogc sir dung & day dung dé chi méi lién
két bét ky thich hop v& mat hoa hoc. Tét hon 13, méi lién két nay khong hodc
chi bi phén tach cham trong cac diéu kién sinh ly. Vi vay, duoc uu tién la mdi
lién két nay khong chita céc trinh tu nhan biét proteaza hoic céac cAu tric nhan
biét dbi voi cac enzym phan huy khéc. Vi thé, duoc uu tién khi cac hop chét cia
sang ché dugc str dung mot cach c6 hé théng dé cho phép tiép can dén tat ca cac
bd phan cua co thé va sau d6 lam giau céac hop chit cia sang ché nay & bat ¢l vi
tri nao trong co thé ma tai do c6 khdi u, nén dugc uu tién 1a mbi lién két duoc
chon sao cho né khong hodc chi bi phén tach chdm trong mau. Su phéan tach
duoc xem la cham néu nhé hon 50% méi lién két bi phéan tach sau 2 gio sir dung
hop chit cho ngudi bénh. Cac mbi lién két thich hop, vi du, gbm c6 hodc hoic
bao gém: alkyl, heteroalkyl, xycloalkyl, xycloheteroalkyl, aryl, heteroaryl,
aralkyl, heteroaralyl, alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl,
alkynyl, sulfonyl, cac amin, ete, thioete phosphin, phosphoramidat, cacboxamit,
este, imidoeste, amidin, thioeste, sulfonamit, 3-thiopyrolidin-2,5-dion,
cacbamat, ure, guanidin, thioure, disulfit, oxim, hydrazin, hydrazit, hydrazon,
lién két diaza, triazol, triazolin, tetrazin, phirc bach kim va céc axit amin duoc
thé tuy y, hodc cac két hop ctia chﬁng. Tét hon 13, mdi lién két gom c6 hoic bao
gbm: 1,4-piperazin, 1,3-propan va ete phenol hodc cac két hop cta ching.

Thuét nglt “dugc thé tuy y” dé chi mot nhém trong d6 mat, hai, ba hoac
nhidu hon s6 nguyén ti hydro c6 thd duoc thay thé doc 1ap v6i nhau béng cac
nhom thé tuong Gng.
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Nhu duoc str dung & day, thudt nglr “axit amin” dé chi axit hitu co bat ky
c6 chira mot hoac nhiéu nhém thé amino, vi du a-, B- hodc y- amino, cac dan
Xuit cua cac axit cacboxylic béo. Trong ky hiéu polypeptit duogc str dung & day,
vi du Xaa$, tic la XaalXaa2Xaa3Xaa4Xaa5, trong d6 Xaal dén Xaa5 duoc
chon riéng va doc 14p tir cac axit ami nhu da x4c dinh, hudng bén trai 1a hudng
dau cubi amino va hudng bén phai 1a huéng dau cubi cacboxy, theo quy uéc va
cach sir dung tiéu chuén.

Thuat ngit “axit amin theo quy udc” dé chi 20 axit amin c¢6 trong tu
nhién, va bao gdm tat ca cic dang dong phan lap thé, tirc 14 céc axit amin D,L-,
D- va L- cta ching. O day, cc axit amin quy wéc ndy ciing c6 thé dugc nhic
dén bang cac chit viét tit ba chit cai hodc mot chit cai thong thuong va cac chit
viét tit cua ching tuan theo cach st dung quy uéc (xem, vi du, Mién dich hoc -
Téng hop, tai ban 14n 2, ES Golub va DR Gren, Eds., Céc cong sy cua Sinauer,
Sunderland Mass (1991)).

Thuét ngit "axit amin khéng theo quy wdc" ding dé chi cac axit amin
khong co trong tu nhién hodc cac chét tuong tu axit amin héa hoc, vi du: cac
axit amin duogc thé hai 1an a,0-, axit amin N-alkyl, axit homo-amino, axit
dehydroamino, cic axit amin thom (ngoai trir phenylalanin, tyrosin va
tryptophan), va axit ortho-, meta- hodc para-aminobenzoic. Céc axit amin khong
theo quy wdc ciing bao gom cac hop chat ma c6 nhém chirc amin va cacboxyl
dugc phén tach theo kiéu thé 1,3 hodc 16n hon, nhu B-alanin, axit y-amino
butyric, Freidinger lactam, dipeptit hai vong (BTD), axit amino-metyl benzoic
va cac axit amin khac dugc biét dén rong réi trong linh vuc nay. Cac chét dong
vi gidng statin, cac chit dong vi hydroxyetylen, cac chat dong vi lién két amit
khur, cac chét déng vi thioamit, cac chat déng vi uré, cac chét dé)ng vi cacbamat,
cac chat dong vi thioete, cac chat dong vi vinyl va cac chat dong vi lién két amit
khac duoc biét dén trong linh vuc nay cling ¢ thé dugc sir dung. Viée st dung
cac chit tuong tu hodc cac axit amin khong theo quy uéc c6 thé cai thién do én
dinh va thoi gian ban huy sinh hoc cta peptit dugc thém vao vi ching c¢6 kha
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nang chéng phéan huy tét hon trong diéu kién sinh ly. Chuyén gia trong linh vuc
nay s€ nhan thic dugc cac loai thay thé twong tr ma cé thé duoc thuc hién.
Danh sach khéng gii han cac axit amin khéng theo quy udc c6 thé duoc st
dung lam cac khéi xdy dung co ban thich hop cho peptit va cac chit viét tit tiéu
chuan cta ching (trong ngodc) nhu sau: axit o-aminobutyric (Abu), L-N-
metylalanin  (Nmala), a-amino-a-metylbutyrat (Mgabu), L-N-metylarginin
(Nmarg), aminoxyclopropan (Cpro), L-N-metylasparagin (Nmasn), axit
cacboxylat L-N-metylaspartic (Nmasp), axit aminoisobutyric (Aib), L-N-
metylcystein (Nmcys), aminonorbornyl (Norb), L-N-metylglutamin (Nmgln),
axit cacboxylat L-N-metylglutamic (Nmglu), xyclohexylalanin (Chexa), L-N-
metylhistidin (Nmhis), xyclopentylalanin (Cpen), L-N-metylisoleuxin (Nmile),
L-N-metylleuxin (Nmleu), L-N-metyllysin (Nmlys), L-N-metylmethionin
(Nmmet), L-N-metylnorleuxin (Nmnle), L-N-metylnorvalin (Nmnva), L-N-
metylornithin (Nmorn), L-N-metylphenylalanin (Nmphe), L-N-metylprolin
(Nmpro), L-N-metylserin (Nmser), L-N-metylthreonin (Nmthr), L-N-
metyltryptophan (Nmtrp), D-ornithin (Dorn), L-N-metyltyrosin (Nmtyr), L-N-
metylvalin (Nmval), L-N-metyletylglyxin (Nmetg), L-N-metyl-t-butylglyxin
(Nmtbug), L-norleuxin (Nle), L-norvalin (Nva), o-metyl-aminoisobutyrat
(Maib), . a-metyl-y-aminobutyrat (Mgabu), D-a-metylalanin (Dmala), o-
metylxyclohexylalanin (Mchexa), D-o-metylarginin (Dmarg), o-
metylxyclopentylalanin (Mcpen), D-o-metylasparagin (Dmasn), a-metyl-o-
naptylalanin (Manap), D-a-metylaspartat (Dmasp), o-metylpenixilamin (Mpen),
D-a-metylcystein (Dmcys), N-(4-aminobutyl)glyxin (Nglu), D-a-metylglutamin
(Dmgln), N-(2-aminoetyl)glyxin (Naeg), D-a-metylhistidin (Dmhis), N-(3-
aminopropyl)glyxin ~ (Norn), D-a-metylisoleuxin (Dmile), N-amino-a-
metylbutyrat (Nmaabu), D-a-metylleuxin (Dmleu), a-naptylalanin (Anap), D-a-
metyllysin (Dmlys), N-benzylglyxin (Nphe), D-o-metylmethionin (Dmmet), N-
(2-cacbamyletyl)glyxin (Ngln), D-o-metylornithin (Dmorn), N-(cacbamyl-
metyl)glyxin (Nasn), D-a-metylphenylalanin (Dmphe), N-(2-
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cacboxyetyl)glyxin (Nglu), D-a-metylprolin (Dmpro), N-(cacboxymetyl)glyxin
(Nasp), D-a-metylserin  (Dmser), N-xyclobutylglyxin (Ncbut), D-a-
metylthreonin (Dmthr), N-xycloheptylglyxin (Nchep), D-a-metyltryptophan
(Dmtrp), N-xyclohexylglyxin (Nchex), D-a-metyltyrosin (Dmty), N-
xyclodexylglyxin (Ncdec), D-o-metylvalin (Dmval), N-xylcododexylglyxin
(Ncdod), D-N-metylalanin (Dnmala), N-xyclooctylglyxin (Ncoct), D-N-
metylarginin (Dnmarg), N-xyclopropylglyxin (Ncpro), D-N-metylasparagin
(Dnmasn), N-xycloundexylglyxin (Ncund), D-N-metylaspartat (Dnmasp), N-
(2,2-diphenyletyl)glyxin ~ (Nbhm), D-N-metylcystein (Dnmcys), N-(3,3-
diphenylpropyl)glyxin ~ (Nbhe), D-N-metylglutamin = (Dnmgln), N-(3-
guanidinopropyl)glyxin ~ (Narg), = D-N-metylglutamat (Dnmglu), N-(1-
hydroxyetyl)glyxin (Ntbx), D-N-metylhistidin (Dnmbhis), N-
(hydroxyetyl))glyxin ~ (Nser), D-N-metylisoleuxin, =~ (Dnmile), N-(imida-
zolyletyl))glyxin (Nhis), D-N-metylleuxin (Dnmleu), N-(3-indolyletyl)glyxin
(Nhtrp), D-N-metyllysin (Dnnilys), N-metyl-y-aminobutyrat (Nmgabu), N-
metylxyclohexylalanin (Nmchexa), D-N-metylmethionin (Dnmmet), D-N-
metylornithin (Dnmorn), N-metylxyclopentylalanin (Nmcpen), N-metylglyxin
(Nala), D-N-metylphenylalanin (Dnmphe), N-metylaminoisobutyrat (Nmaib),
D-N-metylprolin (Dnmpro), N-(1-metylpropyl)glyxin (Nile), D-N-metylserin
(Dnmser), N-(2-metylpropyl)glyxin (Nleu), D-N-metylthreonin (Dnmthr), D-N-
metyltryptophan (Dnmtrp), N-(1-metyletyl)glyxin (Nval), D-N-metyltyrosin
(Dnmtyr), N-metylnaptylalanin (Nmanap), D-N-metylvalin (Dnmval), N-
metylpenixilamin ~ (Nmpen),  axit y-aminobutyric = (Gabu),  N-(p-
hydroxyphenyl)glyxin (Nhtyr), L-/-butylglyxin (Tbug), N-(thiometyl)glyxin
(Ncys), L-etylglyxin (Etg), penixilamin (Pen), L-homophenylalanin (Hphe), L-
a-metylalanin (Mala), L-a-metylarginin (Marg), L-a-metylasparagin (Masn), L-
a-metylaspartat (Masp), L-o-metyl-t-butylglyxin (Mtbug), L-a-metylcystein
(Mcys), L-metyletylglyxin (Metg), L-o-metylglutamin (Mgln), L-o-
metylglutamat (Mglu), L-o-metylhistidin (Mhis), L-a-metylhomophenylalanin
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(Mhphe), L-a-metylisoleuxin (Mile), N-(2-metylthioetyl)glyxin (Nmet), L-a-
metylleuxin (Mleu), L-a-metyllysin (Mlys), L-a-metylmethionin (Mmet), L-a-
metylnorleuxin (Mnle), L-a-metylnorvalin (Mnva), L-a-metylornithin (Morn),
L-a-metylphenylalanin  (Mphe), L-o-metylprolin (Mpro), L-o-metylserin
(Mser), L-o-metylthreonin (Mthr), L-o-metyltryptophan (Mtrp), L-a-
metyltyrosin  (Mtyr), L-a-metylvalin (Mval), L-N-metylhomophenylalanin
(Nmhphe), N-(N-(2,2-diphenyletyl)cacbamylmetyl)glyxin (Nnbhm), N-(N-(3,3-
diphenylpropyl)cacbamylmetyl)glyxin (Nnbhe), 1-cacboxy-1-(2,2-diphenyl-
etylamino)xyclopropan (Nmbc), L-O-metyl serin (Omser), L-O-metyl
homoserin (Omhser).

Thuat nglr “di vong don hoac doi chira N thom hodc khong thom” nhu
duoc sir dung & dy dé chi hop chat hydrocacbon vong bdo hoa hodc khong bio
hoa chura it nhat mot nguyén tir nito 1a thanh phan cia chudi vong.

Thuat ngir “gdc phéng xa” nhu duoc st dung & ddy dé chi t6 hop phan tir
mang dong vi phéng xa. Pong vi ndy duoc lién két bang lién két cong hoa tri
hodc lién két phdi trf ma duy tri 6n dinh trong cac diéu kién sinh ly. Cac vi du la
axit [1"*']-3-iodobenzoic hoic Ga®®-DOTA.

“Pong vi huynh quang” nhu dugc st dung & ddy phét ra birc xa dién tir
sau khi bi kich thich béngbt'rc xa dién tir ¢6 budc séng ngin hon.

“Pdng vi phéng xa” nhu dugc st dung & diy 1a dong vi phong xa cua
mdt nguyén tb (duge bao gdm trong thuat ngit “dong vi phdng xa”) phat ra birc
xa a-, -, V‘é/hoeftc Y-

Thuat ngit “thubc phéng xa” nhu duge sir dung trong pham vi ctia sang
ché dé chi hop chét c6 hoat tinh sinh hoc ma dugc bién dbi bang dong vi phéng
xa. Dic biét 1a cac chit xen k& ¢6 thé duge st dung dé dua hoa tinh phong xa
dén gan truc tiép ADN (vi du, dan xuat mang I'*! ctia Hoechst-33258).

Thuat ngir “chét cang héa” hodc “chit tao cang”, dugc st dung thay thé
cho nhau trong pham vi ctia sang ché va dé chi mot phan tir, thuong 1a mot phan

tir hitu co, va thuong la bazo Lewis, c6 hai hodc nhiéu cdp dién tir khong chia sé
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sdn c¢6 dé cho ion kim loai. Ton kim loai thuong dwoc phdi tri bang hai hodc
nhiéu cap dién tor véi chét cang héa. Céac thuat ngir “chét cang hda hai rang”,
“chét cang héa ba ring” va “chit cang héa bon ring” dé chi cac chét cang hoa
c6 hai, ba, va bén cap dién tor trong Ung sin ¢6 dé cho déng thoi ion kim loai
dugc phdi tri bang chat cang héa. Thong thudng, cac cip dién tich cua chit cang
héa tao thanh lién két phéi tri véi mot ion kim loai; tuy nhién, trong mot sé vi
du nhét dinh, chét cang hoa c6 thé tao thanh cac lién két phdi tri véi nhidu hon
mot ion kim loai, véi nhiéu kiu lién két co thé x4y ra.

Thuét ngit “thuéc nhudém huynh quang” duoc sir dung trong pham vi clia
sang ché dé chi hop chét phét xa anh sang nhin thiy hoic anh sang hdong ngoai
sau khi bi kich thich bang btrc xa dién tir ¢6 bude séng ngin hon va thich hop.
Chuyén gia trong linh vuc nay hiéu rang mbi thudc nhuém huynh quang cé6 mot
budc song kich thich dugc xac dinh trudce.

Thuat ngit “chit twong phan” dugc str dung trong pham vi ctia sang ché
dé chi mot hop chét 1am tang do tuong phan cla cAu trac hodc chét 1dng trong
hinh anh y té. Su tang cuong dat dugc béng cach hép thu bic xa dién tir hoac
thay doi truong dién tir.

Thuat nglt “thuén t” nhu dugce st dung ¢ day dé chi tinh thuén tir gy ra
boi cac dién tich doc than trong moéi truong. Mot chét thuan tir tao ra mot tir
truong néu cé mot tr trudng bén ngoai tac dong. Khong gidng nhu nghich tir,
hudéng cia truong cam Ung gidng nhu huéng cla trudng ngoai va khong giéng
nhu sat tir, trudong khong duoc duy tri khi khong c6 trudng ngoai.

Thuat ngit “hat nano” nhu dugc sir dung ¢ day dé chi cac hat tot hon 1a ¢6

“dang hinh cau, véi duong kinh cé kich thuéc trong khoang tir 1 dén 100 nano
mét. Tuy thudc vao thanh phén, cac hat nano c6 thé c6 céc tinh chét tir tinh,
quang hoc hodic hoa - 1y ¢6 thé dugc dénh gid. Ngoai ra c6 thé dat dugc sy bién
dbi bé mat dbi v&i nhiéu loai hat nano.

Thuat ngt “mubi duoc dung” dé chi mudi ctia hop chit theo sang ché.

Céac mudi duoc dung thich hop ctia hop chét theo sang ché bao gém cac mudi
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cong axit ma co thé, vi du, duoc tao thanh béng cach tron dung dich clo hoac
dan xuét cua n6 vai dung dich axit dugc dung, chéng han nhu axit clohydric,
axit sunfuric, axit furamic, axit maleic, axit sucxinic, axit axetic, axit benzoic,
axit xitric, axit tactric, axit cacbonic hodc axit phosphoric. Ngoai ra, khi hop
chat theo sang ché mang gdc axit, thi cic mudi duoc dung thich hop cua né cod
thé bao gdm cac mudi kim loai kiém (vi du cac mudi natri hodc kali); cac mubi
kim loai kiém thd (vi du cac mudi canxi hodc magie); va cac mubi duoc tao
thanh bang cac phdi tir hitu co thich hop (vi du céc cation amoni, amoni béc 4
va amin duoc tao thanh béng cach sur dung cac anion trai dau, vi du: halogen,
hydroxit, cacboxylat, sulfat, phosphat, nitrat, alkyl sulfonat va aryl sulfonat).
Céc vi du minh hoa vé cac mudi duoc dung bao gdm nhung khong gi6i han &:
axetat, adipat, alginat, ascobat, aspatat, benzensulfonat, benzoat, bicacbonat,
bisulfat, bitatrat, borat, bromua, butyrat, canxi edetat, camphorat,
camphorsulfonat, camsylat, cacbonat, clorua, xitrat, clavulanat,
xyclopentanpropionat, digluconat, dihydroclorua, dodexylsulfat, edetat,
edisylat, estolat, esylat, etansulfonat, focmat, fumarat, gluxeptat, glucoheptonat,
gluconat, glutamat, glyxerophosphat, glycolylarsanilat, hemisulfat, heptanoat,
hexanoat, hexylresorxinat, hydrabamin, hydrobromua, hydroclorua, hydroiodua,
2-hydroxy-etansulfonat, hydroxynaphthoat, iodua, isothionat, lactat, lactobionat,
laurat, lauryl sulfat, malat, maleat, malonat, mandelat, mesylat, metansulfonat,
metylsulfat, mucat, 2-naphtalensulfonat, napsylat, nicotinat, nitrat, mubi N-
metylglucamin amoni, oleat, oxalat, pamoat (embonat), palmitat, pantothenat,
pectinat, persulfat, 3-phenylpropionat, phosphat/diphosphat, picrat, pivalat,
polygalacturonat, propionat, salixylat, stearat, sulfat, axetat kiém, sucxinat,
tanat, tatrat, teoclat, tosylat, triethiodua, undecanoat, valerat, va mubi tuong tu
(xem, vi du, Berge, S. M., va dong tac gia, "Cac mubi dugc pham", Tap chi
khoa hoc dwoc hoc, 1977, 66, 1-19). Mot sé hop chit cu thé theo sang ché ¢
chtra ca chirc bazo va axit cho phép cac hop chit ndy dugc chuyén doi thanh céac
mudi cong bazo hodc axit.
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Céc dang trung tinh cta cac hop chét nay c6 thé duoc tai sinh bang cach
cho mudi tiép xtc véi bazo hoidc axit va tach hop chit gbc theo cach thong
thuong. Dang gdc ciia hop chat khac nay khac véi cac dang mudi khic nhau &
mot sb tinh chat vat ly nhéat dinh, ching han nhu d6 hoa tan trong dung moéi
phan cuc, nhung mit khac, cac mudi nay tuong dwong véi dang gbc cta hop
chét vi cac muc dich cua sang ché.

Ngoai cac dang mudi, sang ché nay con dé xuét cac hop chit & dang tién
chat thubc. Cac tién chét thudc ctia cac hop chit duge mé ta & day la céé hop
chat d& dang trai qua cac thay doi héa hoc trong cac diéu kién sinh 1y dé tao ra
hop chat c6 cong thic (I). Tién chét thude 1a hop chit ¢ hoat tinh hodc khéng
¢6 hoat tinh duoc cai bién vé mit héa hoc thong qua tic dong sinh 1y trong co
thé, chang han nhu qu4 trinh thity phan, chuyén héa va tuong tu, thanh hop chét
theo sang ché, sau khi st dung tién cht thudc cho bénh nhan. Ngoai ra, céc tién
chat thude c6 thé duge chuyén hod thanh cac hop chét theo sang ché bing cac
phuong phap héa hoc hodc sinh héa trong méi truong ngoai co thé. Vi du, cac
tién chat thudc c6 thé duge chuyén hoa tir tir thanh céc hop chat theo sang ché
khi dugc dit vao miéng dan thdm qua da c6 enzym thich hop. Sy phi hop va
cac k¥ thuat lién quan dén viéc san xuét va st dung cac tién chat thude duoc
biét dén rong rai boi cac chuyén gia trong linh vuc nay. Dé thao luan chung vé
cac tién chat thudc lién quan dén cac este, xem Svensson va Tunek trong téng
quan chuyén hoa thudc 16.5 (1988) va kiéu Bundgaard cho tién chat thudc,
Elsevier (1985). Céac vi du vé anion cacboxylat dugc che bao gdém nhiéu loai
este, chang han nhu alkyl (vi du metyl, etyl), xycloalkyl (vi du xyclohexyl),
arakyl (vi du benzyl, p-metoxybenzyl), va alkylcacbonyloxyalkyl (vi du
pivaloyloxymetyl). Cac amin duoc che duéi dang cac din xudt dwoc thé
arylcacbonyloxymetyl bi phan cét bdi cac eteraza trong co thé giai phong thude
tu do va focmaldehyt (Bungaard J. Med. Chem. 2503 (1989)). Ngoai ra, cac loai
thudc ¢6 chira nhém NH c¢6 tinh axit, chéng han nhu imidazol, imit, indol va
tuong tu, di duoc che bang cac nhém N-axyloxymetyl (kiéu Bundgaard cta tién
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chét thubc, Elsevier (1985)). Cac nhom hydroxyl duge che dudi dang este va
ete. EP 0 039 051 (Soloan va Little, 11 thang 4 nam 1981) boc 16 cac tién chét
thude axit hydroxamic bazo Mannich, quy trinh diéu ché va st dung chung.

Céc hop chit theo sang ché c6 thé duoc tong hop theo mét hodc nhidu
phuong phap sau. Can luu ¥ riang cac quy trinh chung duoc trinh bay vi né lién
quan dén viéc didu ché cac hop chét c6 héa hoc 1ap thé khong xac dinh. Tuy
nhién, cac quy trinh nhu vy thuong cé thé ap dung cho cac hop chét c6 héa hoc
lap thé cu thé, vi du, héa hoc lap thé v& mot nhém 1a (S) hoac (R). Ngoai ra, cac
hop chét ¢6 mot hoa hoc 14p thé (vi du: (R)) thuong cb thé dugc sir dung dé tao
ra cac hop chit c¢6 hoa hoc 1ap thé trai nguoc nhau (vi du: (S)) bang cach sir
dung cac phuong phap da duoc biét dén rong réi, vi du, bang cach dao nguoc.

Mot sb hop chét theo sang ché c6 thé ton tai & dang khéng hoa tan ciing
nhu & dang hoa tan, bao gdbm ca dang hydrat héa. Néi chung, cic dang hoa tan
tuong duong vai cac dang khong hoa tan va duoc du tinh nidm trong pham vi
clia sang ché. Mot sb hop chat theo sang ché c6 thé ton tai & nhiéu dang tinh thé
hodc vé dinh hinh. Néi chung, tat ca cac dang vat ly déu twong duong véi muc
dich str dung ma sang ché du dinh va nim trong pham vi cta sang ché.

Mot s& hop chét theo sang ché ¢ cac nguyén tir cacbon khong dbi xtng
(trung tdm quang hoc) hodc cac lién két dobi; cac chit triét quang, cac chét dong
phan khéong ddi quang, cac chit dong phan hinh hoc va céc chit déng phan
riéng 1¢ déu duogc dy dinh nim trong pham vi clia sang ché.

Céc hop chat theo sang ché ciing c6 thé chira céc ty 16 khong ty nhién cta
cac dong vi nguyén tr & mot hodc nhiéu nguyén tir tao thanh cac hop chét do.
Vi du, cac hop chét nay c6 thé duge danh dau phéng xa béang cac dong vi phong
xa, vi du nhu triti (H?), iot-125 (I'?%) hodc cacbon-14 (C'*). Tat ca cac bién thé
ddng vi cia cac hop chét theo séng ché, cho du ¢6 tinh phéng xa hay khong, déu
duoc du dinh ndm trong pham vi cia sang ché.

Thuét ngit “duoc phim” nhu dugc st dung trong don séng ché nay dé chi
mdt chét va/hodc su két hop cua cac chat duoc sir dung dé xéc dinh, phong ngira
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hodc diéu tri tinh trang cia mo hodc bénh. Dugc phém duoc bao ché dé thich
hop cho viéc str dung cho bénh nhan nhim ngin ngira va/hodc diu tri bénh.
Hon nira, duoc phém dung dé chi su két hop cua chét hoat tinh véi cht mang,
tro hogc hoat tinh, 1am cho dwoc phdm nay thich hop dé sir dung trong diéu tri.
Céc dugc pham co thé dugc bao ché dé sir dung theo duong dung qua duodng
miéng, ngoai dudng tidu ho4, tai chd, xéng, qua truc trang, dudi ludi, qua da,
dudi da hodc qua am dao tuy theo cac dac tinh hdéa hoc va vat ly ctia ching. Céc
dugc pham bao gdm cac hé tri liéu qua da (TTS) dang ran, ban ran, long,. Cac
duoc phém dang ran dugc chon tir nhém bao gém: vién nén, vién nén duoc boc,
bdt, hat, vién nhd, vién nang, vién sui hodc hé théng tr1 liéu qua da. Cling bao
gbm & day la cac duoc pham dang l1dng, duge chon tir nhém bao gdm cac dung
dich, xi-ro, dich truyén, chit chiét xuét, cac dung dich dé tiém tinh mach, cac
dung dich dé tiém truyén hozc cac dung dich cta cac hé chit mang theo sang
ché. Cac dugc pham dang bén rin ¢ thé dugc sir dung trong pham vi cla sang
ché bao gém nhil tuong, huyén phu, kem, nudc thom, gel, vién nhd, vién dat
trong mé va thudc dan.

“Dugc dung” c¢6 nghia l1a dugc co quan quan ly cia Lién bang hodc Chinh
phu tiéu bang phé duyét hodc dugc liét ké trong Dugc dién Hoa Ky hoédc duoc
dién dugc cong nhan rong rai khac dé su dung cho dong vat, va dac biét hon la
& nguoi.

Thuat ngir ““chét mang” nhu dugc st dung ¢ day, dung dé chi mot chét
pha loang, chét phu, ta dugc hoac chit van chuyén ma tac nhan tri liéu duoc sur
dung. Cac chat mang dugc phdm ndy c6 thé 1a chét long vé trung, ching han
nhu dung dich mudi trong nudc va dau, bao gdm ca cac dung dich c6 ngudn gbc
tr dau mo, dong vat, thuc vat hoéc téng hop, nhu dau lac, dau dau nanh, dau
khoang, dau vimg va cac loai twong tu. Dung dich mudi 12 chit mang duoc wu
tién khi duoc phém duoc tiém tinh mach. Céac dung dich mudi va céc dung dich
nuée dextroza va glyxerin ciing c6 thé dugc sir dung 1am chat mang dang long,
dac biét dbi vé6i cac dung dich tiém. Cac ta duoc duoc pham thich hop bao gdm
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tinh bdt, glucoza, lactoza, sucroza, gelatin, mach nha, gao, bot mi, phén, silic
dioxit, natri stearat, glyxerin monostearat, bot tan, natri clorua, sita tach kem
kho, glyxerin, propylen, glycol, nudc, etanol va cac chat twong tir. Ché phim,
néu mudn, ciing c6 thé chira luong nhoé chit lam w6t hodc chét nhii hoa, hoic
chit dém pH. Céc vi du vé céc chat mang dugc phém thich hop dugc mé ta
trong "Khoa hoc duoc phdm Remington" ciia E. W. Martin.

Thuat nglt “protein kich hoat nguyén bao soi (FAP)” nhu dugc str dung &
day ciing duoc biét dén dudi thuat ngit “sepraza”. Ca hai thuét ngit nay c6 thé
duogc sir dung thay thé cho nhau & déy. Protein kich hoat nguyén bao soi 13 mot
protein tich hop dong nhit véi nép gip gidng nhu dipeptidyl peptidaza IV
(DPPIV), c6 mién alpha/beta-hydrolaza va mién beta-propeller tdm canh.

Cac phuong an

Céc khia canh khac nhau cua sang ché dugc xac dinh chi tiét hon duéi
day. Mbi khia canh duoc xé4c dinh nhu vay c¢6 thé dugc két hop véi bit ky khia
canh nao hoac cac khia canh khac trur khi c¢é chi dinh nguoc lai 16 rang. Cu thé,
bét ky dac tinh nao dugc chi ra 1a dugc uu tié€n hoac co lgi cod thé duogc két hop
véi bat ky dac tinh nao hodc cac dac tinh dugc chi ra la dugc uwu tién hoac cé
loi.

Theo khia canh thtr nhat, sang ché dé xuét hop chat ¢6 cong thirc (I)

R3
R R2
8 i
R 17 1
R RO
trong do:

Q,R, U, V, W, Y, Z c6 mat hoic ving mit riéng 1& véi didu kién 13 it nhat
ba trong 30 Q,R,U,V,W, Y, Zcoémit,

Q, R, U, V, W, Y, Z dugc chon doc 1ap tir nhém goém: O, CH, NR?,
C=0, C=S, C=NR*, HCR* va R*CRY, véi diéu kién 13 hai O khong lién k& v&i

nhau; t6t hon 1a bén trong s6 sdu nhém c6 mat, trong dé hai nhom 1a C=0, mot
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la CH, va mot 1a NH; t6t hon nita 14 ¢6 bon nhém cé mit, trong d6 hai nhém la
C=0, m6t 1a CH, va mét 1a NH; t6t nhat 1a V, W, Y va Z c¢6 mit, trong d6 V va
Z 1a C=0,va W, Y duoc chon doc 1ap tir CH, va NH;

R! va R? duoc chon doc 14p tir nhém gdm: -H, -OH, halo, Cis-alkyl, -O-
Ci-6-alkyl, S-Ci¢-alkyl;

R® duoc chon tir nhém gdm: -H, -CN, -B(OH),, -C(O)-alkyl, -C(O)-aryl-,
-C=C-C(O)-aryl, -C=C-S(O)-aryl, -CO;H, -SO3H, -SO,NH», -PO3;H>, va 5-
tetrazolyl;

R* duoc lua chon tir nhém gdém: -H, -Cis-alkyl, -O-Cis-alkyl, -S-Ci.-
alkyl, alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl, alkynyl, aryl, va
-Ci¢-aralkyl, mdi trong sb -Ci.¢-alkyl néi trén dugc thé tuy y bang tir 1 dén 3
nhém thé duoc chon tir: -OH, oxo, halo va tuy y duoc ndi véi QR UV, WY
hoac Z;

R’ duge chon tir nhém gdém: -H, halo va Ci-alkyl;

Rg\*—}% va

R® va R7 dugc chon doc lap tr nhém gdém: —H,
RL__B___A
D/\E"‘}"ll e A 1A 18 D6 s DT LA A 4 \
, voi diéu kién la R®° va R’ khong dong thoi 1a H, tot hon 1a
R® duoc gin vao vi tri 7- hodc 8-quinolyl, va R7 dugc gin vao vi tri 5- hodc 6-
quinolyl; t&t hon nita 1a R dugc gan vao vi tri 7-quinolyl va R7 dugc gin vao vi
tri 6-quinolyl. |
trong d6 L 1a méi lién két,
trong d6 D, A, E va B c6 mét hoac Véng mit riéng 1€, t5t hon 1a trong dé
it nhat A, E va B ¢6 mit, trong dé khi ¢6 mat thi: |
D la mbi lién két,

A duoc chon tir nhém gdm: NR*, O, S va CHy;
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\/YOMO%

E dugc chon tor nhom gém: Ci-s-alkyl,
| FF FF
0 N
N T NS
| FF FF
&/\Ot\/\ |

trong déilal, 2, hoac 3;

va

trong d6jla 1, 2, hodc 3;

trong dé k 1a 1, 2, hodc 3;

trong dd m la 1, 2, hoac 3;

t6t hon nita 13, E 12 Ci¢-alkyl, tot nhét 13, E 14 alkyl ¢6 3 hodc 4 nguyén tir
cacbon;

A va E cung nhau tao thanh mdt nhéom dugc chon tir: xycloalkyl,
heteroxycloalkyl, aryl va heteroaryl, tot hon 1a heteroxycloalkyl, trong d6 A va
E c6 thé 1a vong don, vong doi va da vong, tét hon 13 vong don. Mdi A va E
duoc thé tuy y béng tir 1 dén 4 nhém thé duoc chon tu: -H, -Cis-alkyl, -O-Cj.6-
alkyl, -S-Ci¢-alkyl, alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl,
alkynyl, afyl, va -Ci¢-aralkyl, mdi trong sé -Ci6-alkyl néi trén dugc thé tuy y
béng tir 1 dén 3 nhom thé duoc chon tir: -OH, halo; va tuy y duoc ndi véi A, B,

(=
D, E hoac ;

B dugc chon tir nhém gém: S, NR*, NR*-O, NR*-C¢-alkyl, NR*-C.¢-
alkyl-NR*, di vong don hodc d6i thom ho#c khong thom chira N cé tir 5 dén 10

canh, t6t hon 13 con bao gém 1 hodc 2 nguyén tir khac loai duge chon tir O, N

va S, tot hon 14 con bao gdm 1 hodc 2 nguyén tir N, tét hon 1 trong d6 NR*-C;.
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¢-alkyl-NR* va di vong chira N dugc thé bang tir 1 dén 3 nhém thé dugce chon tir
nhém gom Ci-alkyl, aryl, Ci¢-aralkyl; va
R® duoc chon tir nhém gdm gdc phéng xa, chit cang héa, thuéc nhudm

huynh quang, chit twong phan va cac két hop ctia ching;

O 1a 1 gbc 1-naphtyl hoic di vong don hoic d6i thom hoic
khéng thom chtra N ¢6 tir 5 dén 10 canh, trong d6 c6 2 nguyén tir vong giita
nguyén to N va X; di vong noi trén tuy y con bao gdm 1, 2 hodc 3 nguyén tir
khac loai dugc chon tir O, N va S; va X 1a nguyén tu C;

hodc chit hon bién, chét triét quang, hydrat, solvat dugc dung hoac mudi
cua chung. T6t hon 13, Cis-alkyl dugc chon tor nhém bao gém: metyl, etyl,
propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl va hexyl.

Theo phuong an dugc uu tién, A va E cung nhau tao thanh m6t nhom
duoc chon tir nhém bao gém don vong c6 3, 4, 5, 6, 7 va 8 nguyén tur cacbon,
tdt hon 1a don vong ¢6 5 hodc 6 nguyén it cacbon, ho#ic vong do6i ¢6 7, 8, 9, 10,
11 hodc 12 nguyén tir cacbon, tét hon 1a heteroxycloalkyl vong déi c¢6 7, 8, 9 va
10 nguyén tr cacbon, bao gém 1, 2, 3 hoac 4, t5t hon 13 1 hodc 2 nguyén tu
khac loai dugc chon doc 1ap tir nhém bao gom N, O va S, tét hon 1a N hoc O,
tot nhét 1a 1 hodc 2 N.

Theo phuong an dugc uu tién cia khia canh thir nhét ctia sang ché, hop

chét c6 cong thirc (I) duoc dé xuat:

6
R 7 1

R oo,
trong do
Q,R,U,V,W,Y, Z coé mit hoac Véng mat riéng 1& véi didu kién 1a it nhat
ba trong sb Q, R, UV, W, Y, Z co mit
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Q,R, U, V,W,Y, Z dugc chon doc 1ap tir nhém gém O, CH2, NR4, C=0,
C=S, C=NR* HCR* va R*CR*, v6i diéu kién 14 hai O khéng lién k& v&i nhau;
t6t hon 13 bon trong s sdu nhém c6 mit, trong d6 hai nhém 1a C=0, mdt 1a CH;
va mot la NH; t5t hon nita 12 bdn nhém c6 mat, trong d6 hai nhém 1a C=0, mot
14 CH, va mot 1a NH; t6t nhat 14 V, W, Y va Z ¢6 mit trong d6 V va Z 1a C=0
va W va Y dugc chon doc lap tr CHz va NH;

R! va R? duoc chon doc 1ap tir nhém bao gém: -H, -OH, halo, Cis-alkyl, -
O-Ci.s-alkyl, S-Cie-alkyl;

R® dugc chon tir nhém bao gdm: -H, -CN, -B(OH),, -C(0O)-alkyl, -C(O)-
aryl-, -C=C-C(O)-aryl, -C=C-S(O),-aryl, -CO;H, -SOsH, -SO,NH>, -PO3H, va
5-tetrazolyl;

R* dugc chon tir nhém bao gdm: -H, -Cis-alkyl, -O-Cig-alkyl, -S-C.6-
alkyl, alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl, alkynyl, aryl,
Cie-aralkyl, mdi trong sb -Cis-alkyl néi trén duge thé ty y bang tir 1 dén 3
nhém thé duogc chon tu: -OH, oxo, halo va tuy y dugc ndi véi QR UV, W,Y
hoac Z;

R’ duoc chon tir nhém bao gém: -H, halo va Ci.s-alkyl;

R® va R’ dugc chon doc lap tir nhém bao gém: -H,

R® R, B, A
\E—)‘&' va b= "B >£, v6i diéu kién 1a RS va R” khong dong
thoi 1a H, tt hon 1a R® duoc gin vao vi tri 7- hodc 8-quinolyl va R” duoc gén
vao vi tri 5- hodc 6- quinolyl; tt hon nita 13 R® duoc gén vao vi tri 7-quinolyl va
R’ duoc gén vao vi tri 6-quinolyl,

trong d6 L 12 mbi lién két,

trong d6 D, A, E va B c6 mét hoac véng mit riéng 1&, tt hon 1a trong do
it nhat A, E va B ¢6 mat, trong do khi ¢6 mat thi:

D la mdi lién ké;

A duoc chon tir nhém bao gom: NR*, O, S va CHy;

E dugc chon tir nhém bao gc‘A)m:
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l

Cie-alkyl,

trong do 11a 1, 2 hodc 3;

trong d6 j 1a 1, 2 hodc 3;

trong dé k 1a 1, 2 hoac 3;

trong d6 m 1a 1, 2 hodc 3;

t6t hon nita 13, E 1a Cis-alkyl, t6t nhét 12 E 13 alkyl ¢6 3 hodc 4 nguyén tir
cacbon;

B dugc chon tir nhém bao gdm: S, NR*, NR*-O, NR*C.¢-alkyl, NR*-C,.
¢-alkyl-NR*, va di vong don hoac d6i thom hodc khong thom chira N c6 tir 5
dén 10 canh, t6t hon 1a con bao gém 1 hoac 2 nguyén tr khac loai dugc chon tir
O, N va S, tdt hon 1a con bao gom 1 hodc 2 nguyén tir nito, t6t hon 13 trong dé
NR*-C).¢-alkyl-NR* va di vong chira N dugc thé bang tir 1 dén 3 nhém thé duoc
chon tir nhém bao gdm: Cis-alkyl, aryl, Ci¢-aralkyl; va

R® duge chon tir nhém bao gdbm gdc phéng xa, chét cang héa, thudc

~ nhudm huynh quang, chét tvong phéan va cac két hop cia chung;

Q 1a gbc naphtyl hodc di vong don hodc d6i thom hoic khong
thom chira N ¢6 tir 5 dén 10 canh, trong d6 ¢6 2 nguyén tir vong giita nguyén tir
N va X; di vong néi trén tiy ¥ con bao gém 1, 2 hodc 3 nguyén tir khac loai
duoc chon tir O, N va S; va X 1a nguyén tir C;

hodc chit hdn bién, chét triét quang, hydrat, solvat dugc dung hoac mudi
cua chung . Tét hon 13, Cis-alkyl dugc chon tir nhom bao gém: metyl, etyl,

propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl va hexyl.
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Theo mot phuong an dugce uu tién khac cta khia canh thir nhét cia sang
chéla A vaE cung nhau tao thanh mot nhom bao gém don vong ¢6 3,4, 5, 6,7
va 8 nguyén tir cacbon, tot hon 13 don vong c6 5 hodc 6 nguyén tir cacbon, hodc
vong doi c6 7, 8, 9, 10, 11 hodc 12 nguyén tir cacbon, tdt hon 1a
heteroxycloalkyl vong doéi cé 7, 8, 9, va 10 nguyén tr cacbon, tot hon 1 ¢6 1,2,
3, hodc 4, tot hon nita 1a ¢6 1 hodc 2 nguyén tir khac loai dugc chon ddc 14p tir
nhom bao gom: N, O va S, tét hon 1a N va O, t6t nhét 1a 1 hodc 2 N. Céc
heteroxycloalkyl don vong dugc wu tién dugec chon tir nhém bao gom:
pyrolidinyl,  piperidinyl, imidazolidinyl, 1,2-diazaxyclohexanyl, 1,3-
diazaxyélohexanyl, piperazinyl, 1-ox0-2-azaxyclohexanyl, 1-0x0-3-
azaxyclohexanyl, hodc mocpholinyl, t6t hon 1a piperidinyl, piperazinyl, va
pyrolidinyl. Cac heteroxycloalkyl vong déi dugc uu tién dugc chon tur nhém
bao gém: bixyclo[2.2.1] 2,5-diazaheptanyl, 3,6-diazabixyclo[3.2.1]octanyl, 3,6-
diazabixyclo[3.2.2]nonyl, octahydropyrolo[2,3-b]pyrolyl, octahydropyrolo[3,2-
b]pyrolyl, octahydropyrolo[3,4-b]pyrolyl, octahydropyrolo[3,4-c]pyrolyl, 9-
metyl-3,7,9-triazabixyclo[3.3.1]nonany]l.

Tt hon 14, lién két giira di vong dugc hinh thanh béi A va E va B & mot
bén va/hodc R® hodc R7 & bén kia 13 thong qua nguyén tir khac loai, tét hon 1a
thong qua N.

Cu thé, cac vi du duoc uu tién vé di vong dugc thanh tao boi A va E duoc

H
OV e B

b

chon tor nhém gom:

. [ \N s N/ﬁ——“ \N

- S— =3 3

g / \\\/;/ S g-_ % §
H , Va / .

Theo mét phuong 4n duoc uu tién cia khia canh thir nhéat cia sang ché thi
Q, R, U la CH; va c6 mat hoac Véng mat riéng 1é; t5t hon 1a QvaR Véng mat;

V 1a CHa, C=0, C=S hodc C=NR*; t6t hon 13, V 12 C=0;

W 1a NR*; t6t hon 13, W 1a NH;
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Y la HCRY; tot hon 13, Y 1a CHy; va

Z 1a C=0, C=S hogc C=NR*, tét hon 1a Z la C=0.

Theo mét phuong 4n duoc uu tién hon nita ctia khia canh thr nhit cua
sang ché thi Q, R, S ving mit;

V 1a CHy;

W la NH;

Y la CHy; va

7 1a C=0.

Theo mét phuong 4n dugc wu tién hon nita ctia khia canh thir nhit cta
sang ché thi R! va R? duoc chon doc lap tir nhém bao gém: -H va halo; t5t hon
la, R! va R? a halo; tét hon nita 14, R' va R? 1a F;

R? dugc chon tir nhém gdém: -H, -CN, va -B(OH)y; tét hon 13, R3 1a -CN
hodc -B(OH)y; tét hon nita 13, R? 1a -CN;

R* duoc lua chon tir nhém gdm: -H va -Cis-alkyl, trong d6 -Cis-alkyl
duoc thé tuy y br:ing tr 1 dén 3 nhém thé duge chon tir -OH. Tét hon la, Ci6-
alkyl duoc chon tir nhém gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl,
tert-butyl, pentyl va hexyl.

Theo mét phuong an duge uvu tién hon nita cia khia canh thtr nhit cta
sang ché thi Q, R, U Véng mat;

V is CHy;

W la NH;

Y la CHy;

Z la C=0;

R' va R? duoc chon doc 1ap tir nhém gdm: -H va halo; tot hon 13, R! va
R? 13 halo; t6t hon nira la R! va R2 14 F;

R? duoc chon tir nhém gdém: -H, -CN, va -B(OH),; t6t hon 13, R? 1a -CN
hodc -B(OH),; tét hon nita 1a R 1a -CN;

R* duoc chon tir nhém goém: -H va -Ci6-alkyl, trong d6 -Cis-alkyl dugc
thé tuy y bang tir 1 dén 3 nhém thé duoc chon tir: -OH. Tét hon 13, Ci.6-alkyl
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dugce chon tir nhém gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-
butyl, pentyl va hexyl.

Theo mdt phuong 4n duoc uu tién hon nita cua khia canh thtr nhét cua
sang ché thi Q, R, S vang mit;

V 1a CHy;

W la CHy;

Y la NH;

7 1a C=0;

R! va R? dugc chon doc 1ap tir nhém gdm: -H va halo; tét hon 13, R va
R? 14 halo; tot hon nita 13, R' va R2 14 F;

R3 duoc chon tir nhém gdm: -H, -CN, va -B(OH),; t6t hon 13, R? 13 -CN
hodc -B(OH); tt hon nira 14, R? 1a -CN;

R* duge chon tir nhém gdm: -H va -Ci¢-alkyl, trong d6 -Ci-6-alkyl duoc
thé tuy y bang tir 1 dén 3 nhém thé dugc chon tir: -OH. Tét hon 13, Cis-alkyl
duge chon tir nhém gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-
butyl, pentyl va hexyl.

Theo phuong 4n duoc wu tién hon nita ctia khia canh thir nhat clia séng

2

—

/] )
L O S
ché thi duoc chon tr nhém gom: H

R - 5
N "R
R’ H ‘
D 5 va
7
R —
6 WOR
R H .
, , tuy y con bao gom 1 hodc 2 nguyén tir khac loai dugc chon tur
O, N, vaS.
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Theo phuong 4n dugc uu tién hon nita cia khia canh thir nhét cta séng

~ |
' Q/E R’ N R ;
ché thi la , tiy chon con con bao gom 1 hodc 2

cac nguyén tr khac loai dugc chon tir O, N va S.
Theo phuong 4n dugc wu tién hon nita ctia khia canh thtr nhit cia sang

ché thi

A \
dugc chon tr nhom gom:

8
8 R B. A

R ~

N N

a’ b

, va R7
duoc chon doc lap tir nhém gém: -H,
diéu kién 1a RS va R 1a khong dong thoi 1a H va tét hon 1a R® va R dugc gin

vao cac vi tri 5, 6 hodc 7.
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(A \
Theo phuong an dugc uu tién, dugc chon tr nhom gom:

O,
Theo phuong an dugc uu tién khéc thi la

Theo phuong 4n dwoc wu tién hon nita ctia khia canh thir nhat ctia séang
ché thi R’ va R® la H;

RS
\D/B\E/AY . ]

R’ 1a , tot hon 1a R” dugc gan vao vi tri 5- hodc 6-
quinolyl; tt hon nita 1a R7 dugc gén vao vi tri 6-quinolyl, trong d6

D Véng mat;

Ala O, S, CH,, NH, NCHj3;

E la Ci¢-alkyl hodac , trong d6 m 1a 1, 2, hoac 3;
tét hon 13, Cis-alkyl duoc chon tir nhém gém: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nira 13, E 1a Cre-alkyl, t6t

0=

A va E cung nhau tao thanh nhém dugc chon tu: ,

H
S \ 2 :
S /N § b § §7C/N z § N N :
- — h N/ :

..........

nhét 13, E 13 alkyl ¢6 3 hodc 4 nguyén tir cacbon; hogc

M‘[‘(’v‘

5 > b

B 1a NR*-Cj6-alkyl hoic tr di vong don hodc d6i thom hodc khong thom

chira N ¢6 tir 5 dén 10 canh, t6t hon 1a con bao gém 1 hodc 2 nguyén tir khac
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loai duoc chon tir O, N, va S, tét hon 1 con bao gém 1 hodc 2 nguyén tir N, tdt
hon 14 trong d6 di vong chtra N duogc thé bang tir 1 dén 3 nhém thé duge chon
tor nhom gé)m: Cis-alkyl, aryl, Ci¢-aralkyl. T4t hon 13, Cis-alkyl dugc chon tir
nhém gom: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl va
hexyl.

Theo mét phuong an duoc wu tién hon nita cta khia canh thir nhit cta
sang ché thi R’ va R® 1a H;

8

R7 1a }:, tdt hon 1a R” dwoc gin vao vi tri 5- hodc 6-
quinolyl; tot hon nita 1a R7 duoc gan vao vi tri 6-quinolyl, trong d6

D Véng mat;

AlaO;

1{{\/\0,};\/1\

E 1a Ci¢-alkyl hoac , trong d6 m 1a 1, 2, hodc 3;
tét hon 14 Cis-alkyl dugc chon tir nhém gém: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nita 13, E 1a Cie-alkyl, tdt
nhat 13, E 14 alkyl ¢6 3 hodc 4 nguyén tir cacbon;

B 1a NR*Ci-alkyl hoic tir di vong don hodc doi thom hodc khéng thom
chira N ¢6 tir 5 dén 10 canh, t5t hon 13 con bao gdm 1 hodc 2 nguyén tir khac
loai dugc chon tir O, N, va S, tot hon 14 con bao gém 1 hodc 2 nguyén ta N, tdt
hon 14 trong d6 di vong chira N duoc thé bang tir 1 d&én 3 nhém thé duoc chon
tir nhom bao gdm: Cie-alkyl, aryl, Ci¢-aralkyl. Tét hon 13, Ci-6-alkyl dugc chon
tr nhém bao gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl,
pentyl va hexyl.

Theo phuong an dugc wu tién hon nita cta khia canh thir nhit cta sang

ché thi RS vaR® 1a H;
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8
R B, A
N N
E
RMla P i

, t6t hon 12 R7 dugc gin vao vi tri 5- hodc 6-
quinolyl; tot hon nita 1a R7 dugc gan vao vi tri 6-quinolyl, trong d6

D véng mit;

Alas;

Jé{\/\ok\/\

E 1a Cis-alkyl hoac , trong d6 m la 1, 2, hoac 3;
t6t hon 1a Ci-alkyl dugc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl, -
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nita 13, E 1a Cis-alkyl, tbt
nhét 13, E 13 alkyl ¢6 chtra 3 hodc 4 nguyén tir cacbon;

B 12 NR*-C)¢-alkyl hodc c6 di vong don hodc doi thom ho#ic khong thom
chira N ¢6 tir 5 dén 10 canh, t6t hon 13 con bao gébm 1 hodc 2 nguyén tir khéc
loai dugc chon tir: O, N, va S, tot hon 1a con bao gém 1 hoac 2 nguyén tur N, tot
hon 1a trong d6 di vong chira N duge thé bang tir 1 dén 3 nhém thé duoc chon
tr nhom goém: Cis-alkyl, aryl, Ci.¢-aralkyl. Tét hon 13, Cie-alkyl duoc chon tir
nhom bao gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl
va hexyl.

Theo phuong 4n dugc uu tién hon nita ctia khia canh thr nhat ctia sang
ché thi R’ va R® 1a H;

8
R\D/B\E/AY ) )
R7 1a # tot hon 1a R7 dugc gan vao vi tri 5- hodc 6-
quinolyl; tot hon nita 1a R7 duoc gén vao vi tri 6-quinolyl, trong d6
D Véng mat;

A la CHy;

AotA

E la Cis-alkyl hodc , trong d6 m 1a 1, 2, hoac 3;
t6t hon 1a Cig-alkyl duoc chon tir nhém bao gém: metyl, etyl, propyl, i-propyl,
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butyl, sec-butyl, tert-butyl, pentyl va hexyl; tot hon nita 13, E 12 Cis-alkyl, tdt
nhat 13, E 13 alkyl c6 chtra 3 hoic 4 nguyén tir cacbon;

B Ia NR*-Cjs-alkyl hodc di vong don hodc ddi thom hodc khong thom
chira N c6 tir 5 dén 10 canh, tét hon 1 con bao gdm 1 hodc 2 nguyén tir khac
loai dugc chon tur: O, N, va S, t6t hon 1a con bao gém 1 hoac 2 nguyén tir N, tdt
hon 1a trong d6 di vong chira N dugc thé bang tir 1 dén 3 nhom thé duoc chon
tr nhém gdm: Cis-alkyl, aryl, Cie-aralkyl. T6t hon 13, Cis-alkyl dugc chon tir
nhém bao gom: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl
va hexyl.

Theo phuong an dugc uu tién hon nita cuia khia canh thir nhét ciia sang
ché thi R® va R® 1a H;

8
R B A
NN
R 00 EY

, t6t hon 1a R7 dugc gén vao vi tri 5- hodc 6-
quinolyl; tt hon nita 1a R7 dugc gén vao vi tri 6-quinolyl, trong d6

D Véng mat;

A la NH;

J‘{{\/\ON

E la Cis-alkyl hodc , trong d6 m 1a 1, 2, hoac 3;
t6t hon 1a Ci¢-alkyl dugc chon tir nhém bao gbém: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nita 13, E 1a Cre-alkyl, t6t
nhat 13, E 12 alkyl c¢6 chira 3 hoic 4 nguyén tir cacbon;

B 1a NR*-Ci¢-alkyl hodc di vong don hodc d6i thom hodc khong thom
chira N ¢6 tir 5 dén 10 canh, t5t hon 1a con bao gém 1 hodc 2 nguyén tir khac
loai dugc chon tir: O, N, va S, t6t hon 13 con bao g@)m 1 hodc 2 nguyén ti N, tdt
hon 1a trong d6 di vong chira N duogc thé bé‘mg tir 1 dén 3 nhém thé duge chon
tir nhém gdm: Cis-alkyl, aryl, Ci.¢-aralkyl. T6t hon 13, Ci.s-alkyl dugc chon tir
nhém bao gém: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl

va hexyl.
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Theo phuong an dugc uu tién hon nita ctia khia canh thir nhit clia séng

ché thi RS vaRS 1a H;

R8
\D/B\E/A

R7 1a \ff, t6t hon 12 R7 dwoc gén vao vi tri 5- hodc 6-
quinolyl; t6t hon nita 1a R7 dugc gin vao vi tri 6-quinolyl, trong dé

D 14 axit amin, tot hon 1a mang chudi bén tich dién;

| AlaO;
({{\/\ON

E 1a Cie¢-alkyl hoac , trong d6 m 1a 1, 2, hodc 3;
t6t hon 14, Ci-alkyl duoc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; tdt hon nita 14, E 14 Ci-s-alkyl, tdt
nhét 13, E 13 alkyl c6 chira 3 hodc 4 nguyén tir cacbon;

B 1a NR*-Cj-alkyl hodc di vong don hodc doi thom hodc khong thom
chtra N ¢6 tir 5 dén 10 canh, t6t hon 13 con bao gém 1 hodc 2 nguyén tir khac
loai duoc chon tir: O, N, va S, t5t hon 1a con bao gém 1 hoac 2 nguyén tir N, t6t
hon la trong d6 di vong chira N dugc thé bang tir 1 dén 3 nhom thé dugc chon
tr nhom gém: Ci6-alkyl, aryl, Ci.¢-aralkyl. Tét hon 14, Cis-alkyl dugc chon tur
nhém bao gébm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl
va hexyl.

Theo phuong 4n duoc uu tién hon nita ciia khia canh thir nhat cta sang
ché thi R® va R® 1a H;

8

R\D/B\E/A>“E . ,
R7 1a , tot hon 12 R” dugc gan vao vi tri 5- hodc 6-
quinolyl; t6t hon nita 12 R7 dugc gén vao vi tri 6-quinolyl, trong d6

D 14 axit amin, tt hon 13 mang chudi bén tich dién;

Alas;
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Aot A

E 1a Cis-alkyl hodc , trong d6 m 1a 1, 2, hoac 3;
t6t hon 1a Cis-alkyl duoc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nita 13, E 1a Ci¢-alkyl, tot
nhét 14, E 1a alkyl ¢6 chita 3 hodc 4 nguyén tir cacbon;

B 12 NR*-Cj-alkyl hodc di vong don hodc ddi thom hodc khong thom
chtta N ¢6 tr 5 dén 10 canh, t8t hon 12 con bao gém 1 hoic 2 nguyén tir khac
loai duogc chon tir: O, N, va S, t5t hon 1a con bao gém 1 hodc 2 nguyén t& N, tdt
hon la trong d6 di vong chira N dugc thé bé‘mg tr 1 dén 3 nhém thé dugc chon
tir nhoém gdm: Cis-alkyl, aryl, Ci¢-aralkyl. Tét hon 13, Ci6-alkyl duoc chon tir
nhém bao gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl
va hexyl.

Theo phuong an dugc uu ti€n hon nita cua khia canh thi nhit cla sang

ché thi R vaR¢ 1a H;

R8

R’ 1a Y, t6t hon 1a R” duoc gin vao vi tri 5- hodc 6-
quinolyl; t6t hon nita 1a R7 dugc gén vao vi tri 6-quinolyl, trong d6

D 12 axit amin, t6t hon 1a mang chudi bén tich dién;

A la CHy;
4{{\/\0/}:\)\

E la Cis-alkyl hodc , trong d6 m 1a 1, 2, hodc 3;
tét hon 1a Ci¢-alkyl dugc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t5t hon nira 13, E 13 Cis-alkyl, tbt
nhat 13, E 14 alkyl c¢6 chira 3 hoic 4 nguyén tt cacbon;

B 1a NR*-Cj.6-alkyl ho#c di vong don hodc ddi thom hoic khong thom
chtra N ¢6 tir 5 dén 10 canh, t6t hon 14 con bao gém 1 hodc 2 nguyén tir khac
loai duoc chon tir: O, N, va S, t6t hon 12 con bao gém 1 hodc 2 nguyén tir N, tdt

hon la trong do6 di vong chtra N dugc thé béng tir 1 dén 3 nhom thé duge chon
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tir nhém gdm: Cie-alkyl, aryl, Ci¢-aralkyl. Tt hon 13, Ci-s-alkyl duoc chon tir
nhém bao gém: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl
va hexyl.

Theo phuong 4n dwoc wu tién hon nita cta khia canh thi nhat cla séng
ché thi R® vaR® 1a H;

8
R\D/B\E/AY ) )
R7 1a , tot hon 12 R7 dugc gan vao vi tri 5- hodc 6-
quinolyl; t6t hon nita 1a R7 dugc gén vao vi tri 6-quinolyl, trong d6

D 14 axit amin, tot hon 12 mang chudi bén tich dién;

A la NH;
A{\/A\O,},:\/z

E la Ci.s-alkyl hodc , trong d6 m 1a 1, 2, hoac 3;
tot hon 13, Ci.¢-alkyl dugc chon tir nhém bao gdém: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nita 13, E 1a Cie-alkyl, tét
nhat 13, E 13 alkyl c¢6 chita 3 hodc 4 nguyén tir cacbon;

B 1a NR*-Ci.6-alkyl hodc di vong don hodc do6i thom hodc khong thom
chtta N ¢6 tir 5 dén 10 canh, t6t hon 1a con bao gém 1 hodc 2 nguyén tir khac
loai duoc chon tur: O, N, va S, t6t hon 13 con bao gém 1 hodc 2 nguyén tir N, tot
hon 14 trong d6 di vong chita N duge thé bing tir 1 dén 3 nhém thé dugc chon
tr nhém gdm: Cig-alkyl, aryl, Ci¢-aralkyl. Tt hon 13, Ci.s-alkyl duoc chon tir
nhém bao gém: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl
va hexyl.

Theo phuong an duge vu tién hon nita cta khia canh thir nhét cia sang
ché thi R’ vaR® 1a H;

8

R\D/B\E/A}t" , ;
R7 1a , tot hon 1a R7 duoc gan vao vi tri 5- hodc 6-
quinolyl; tot hon nita 12 R” dugc gén vao vi tri 6-quinolyl, trong d6

D vang mat;
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AlaO;

‘{{\/\oh\/\

E 1a Cie-alkyl hoac , trong d6 m 1a 1, 2, hodc 3;
t6t hon 1a Ci-alkyl dugc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl,
butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon nita 13, E 1 Ci-alkyl, tét
nhat 14 E 1a alkyl ¢6 chira 3 hodc 4 nguyén tir cacbon;

B 1a di vong don hoic d6i thom ho#ic khong thom chira N ¢6 tir 5 dén 10
canh, tot hon 14 con bao gdm 1 hoic 2 nguyén tir N.

Theo phuong 4n dugc wu tién hon nita ctia khia canh thtr nhit cia sang
ché thi R’ va R® 1a H;

8

R.. B
N
R'1a O

\E*’A§f : o7 C 3
, tot hon 1a R’ duogc gan vao vi tri 5- hodc 6-

quinolyl; t6t hon nita 1a R7 duoc gin vao vi tri 6-quinolyl, trong d6

D Véng mat;

AlaO; »

E 14 alkyl ¢6 chira 3 hodc 4 nguyén tir cacbon, t&t hon nita 13, E 13 propyl
hoac butyl;

B 14 di vong don hosc dbi thom hodc khong thom chira N ¢6 tir 5 dén 10
canh, tot hon 14 con bao gom 1 hodc 2 nguyén tir N.

Theo phuong 4n dugc uu tién hon nita cia khia canh thr nhat ciia sang
ché, di vong chira N ¢6 trong B 14 di vong don thom hozc khong thom:

o, trong do
di vong tlly ¥ con bao gdm 1 hodc 2 nguyén tir khac loai duoc chon tir: O,

Nva S, tuy y con bao gom 1 N;

2 duoc gén vao vi tri 1, 2, hoac 3, tdt hon 1a vao Vi tri 2;

1a 1 hoac 2.
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Theo phuong an dugc wu tién hon nita cia khia canh thi nhét cta séng

ché, di vong chtra N ¢6 trong B 14 di vong don thom hoic khong thom:

, trong dé
di vong tuy y con bao gém 1 hodc 2 nguyén tir khac loai dugc chon tu: O,

N va S, tiy y con bao gébm 1 N;

__% duoc gén vao vitri 1, 2, hoac 3, t6t hon 14 vao vi tri 2;
l1a 1 hoac 2;
trong d6 di vong chira N duge thé bang Ci.¢-alkyl.
Theo phuong an dugc uu tién hon nita cua khia canh thi nhit clia sang

ché, di vong chira N ¢6 trong B dugc chon tir nhém bao gém:

A RO BOH POH
HCOH PO %—NQ*{ HCh POH
S TreTen %’@4

trong d6 di vong chira N dugc thé bang Ci-alkyl

A,

tuy y con bao gSm 1 hodc 2 nguyén tir khac loai dugce chon tur: O, N va S, tuy y

b

trong d6 néu di vong chira N ¢6 trong B 12 , thi di vong nay

con bao gom 1 N, tuy v g oncd mot hodc nhiéu chuoi bén (vi du c6 nguat cia
axit amini b);

‘% duoc gén vao vi tri 1, 2 hodc 3, tot hon 13 vao vi trf 2;
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?“N@\,

M , thi di vong
FOYy Py

chtra N co trong B dugc chon tir nhém bao gém: L o

o 1a 1 hoac 2;

t5t hon 13, néu di vong chira N ¢6 trong B 13

va ; tot hon ntta 1a, néu di vong chia N cé trong B la

1

hodc

NS , ROV
—» &, thi di vong chira N c6 trong B la
HODH “

Theo phuong an dugc wu tién hon nita cta khia canh thir nhat cla séng

ché, di vong chira N ¢6 trong B duoc chon tir nhém bao gom:

A BOH RO POH
HH M HQ*{ HCOH O
'S eTerN *’@35#

At

tuy y con bao gém 1 hodc 2 nguyén tir khac loai duge chon tir: O, N va S, tuy y

b

trong d6 néu di vong chia N ¢6 trong B 12 , thi di vong nay
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con bao gom 1 N, tuy y gobm cé mot hodc nhi€u chuoi bén (vi du c6 ngudén goc

tir axit amin);

§ duoc gén vao vitri 1, 2, hoac 3, t5t hon 14 véao Vi tri 2;

&
[ a

t6t hon 14, néu di vong chira N c6 trong B 12 , thi di vong

Oy Py
chira N ¢6 trong B dugc chon tir nhém bao gém: s & B va

1

F{Vy
- t6t hon nita 13, néu dj vong chira N ¢6 trong B 12 e

BOVH i‘“@“?

thi di vong chira N c6 trong B la: hodc

b

Theo phuong an dugc wu tién hon nita cua khia canh thtr nhat cua sang

ché, di vong chira N ¢6 trong B duoc chon tir nhém bao gom:

OA PO HOA

Theo phuong an duge uvu tién hon nita cua khia canh tha nhit cia sang

ché, di vong chira N ¢6 trong B duoc chon tir nhém bao gom:

//\
N N N N N
i— C>—!, % ./ _é va i_ VAR trong d6 B dugc thé bing

alkyl co tr 1 dén 3 nguyén tir cacbon.
Theo phuong an dugce wu tién hon nita cta khia canh thir nhét cla sang

ché, R va R6 1a H;
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RA__B__A_

R’ 1a b™ "B Y, t6t hon 1a R7 dugc gin vao vi tri 6-quinolyl,
trong dé

D Véng mat;

AlaO;

E la prdpyl hoéc butyl;

§—N<§>—§ §-N®N-§

B la ‘ hoac .

Theo phuong an duoc wu tién hon nita ctia khia canh thtr nhat cla séng
ché, Q,R,U Véng mat;

V 1a C=0;

W la NH;

Y la CHy;

7 la C=0;

R! va R? dugc chon ddc lap tir nhém bao gém: -H va halo; tot hon 13, R!
va R? duoc chon doc 1ap tir nhém gdm: -H va F; tot hon nita 13, R! va R? giéng
nhau va dugc chon tir nhém goém: -H va F;

R’ 1a -CN;

R3vaR®laH;

8

R’ 1a , tbt hon 1a R7 dugc gin vao vi tri 6-quinolyl,
trong dé
D vang mit;
AlaO;
’({\/\ON
E la Cis-alkyl hodc , trong do m la 1, 2, hodc 3;

t6t hon 13, E 1a Cre-alkyl; t6t hon 13, Cie-alkyl dugc chon tir nhém bao gdm:
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metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl va hexyl; t6t hon
nfta 13, E 1a Cy¢-alkyl, tdt nhat 13, E 14 alkyl c6 chtra 3 hodc 4 nguyén tir cacbon;

N\ '
N : N N
B 14 NH-Ci-alkyl, 3 Q_i 3 N/ _E, i_N\_/N_% hoiic

N S N
- tot hon 14, Ci-s-alkyl dugc chon tr nhém bao gém: metyl, etyl,
propyl, i-propyl, butyl, sec-butyl, tert-butyl, pentyl va hexyl; t5t hon 13, B 1a

Q/% 3

Theo phuwong 4n duoc wu tién hon nita ctia khia canh thir nhit ciia sang

Q, R, U Véng mat;

V 1a C=0;

W la NH;

Y la CHy;

Z la C=0;

R! va R? gidng nhau va duoc chon tir nhém gom: -H va F;
R?1a -CN;

R3vaR®1aH,

8
R\.D/B\E/A?" , ,
R7 14 , tot hon 1a R” dugc gan vao vi tri 6-quinolyl,
trong dé
D Véng mat;

Ala O, S, CHz, NH, NCHs;
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E 1a metyl, etyl, propyl hoac butyl;

A va E cung nhau tao thanh nhém dugc chon tu:

o FOA RO HOH, PO,

y la B dugc thé bang alkyl c6 tir 1 dén 3 nguyén tir cacbon; t6t hon 13, B 13

O

Theo phuong an dugce uu tién hon nita cua khia canh thir nhit cua sang

ché,
Q,R,U Véng mat;
V la C=0;
W la NH;
Y la CHy;
Z la C=0;
R! va R? gidng nhau va duoc chon tir nhém gom: -H va F;
R? 1a -CN;
R’vaR®la H,
8

R B A
. D7ET Y o o7 Co
R’ la , tot hon la R’ dugc gan vao vi tri 6-quinolyl,
trong do
Dvéng mat;
AlaO;

E 1a metyl, etyl, propyl hoéc butyl;
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N N
honlé,Blé%-\—-—/.;;vé Q(/%l

Theo phuong dugc vu tién hon nita ctia khia canh thir nhét ctia sang ché,
Q, R, U Véng mat;

V la C=0;

W la NH;

Y la CHy;

Z 1a C=0;

R! va R? gibng nhau va dugc chon tir nhém goém: -H va F;

R’ 1a -CN;

R3vaR®laH,

R8
\D/B\E"Ag

R’ 1a , tt hon 1a R” dugc gan vao vi tri 6-quinolyl,

trong do

D Véng mat;
AlaO;
E 1a metyl, etyl, propyl hoac butyl;

D—ﬁ g—N N—§ }‘NAN _; i_N®N—-§ ”

NN
honle‘l,Blétg—\-m/_%;Vé

oA,
la
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Theo phuong 4n duge wu tién hon nita ctia khia canh thi nhat ciia sang
ché, C.¢-alkyl dugc chon tir nhém bao gdbm: metyl, etyl, propyl, i-propyl, butyl,
sec-butyl, tert-butyl, pentyl va hexyl. |

Theo phuong an dugc uu tién hon nita ctia khia canh thtr nhit cta séng
ché, Ci3-alkyl duoc chon tir nhém gdm: metyl, etyl, propyl va i-propyl.

Theo phuong an dugc uu ti€n hon nita ctua khia canh thir nhét cla sang
ché, Cig-aralkyl duoc chon tir nhém gdm: benzyl, phenyl-etyl, phenyl-propyl,
va phenyl-butyl.

Theo phuong an duoc uu tién hon nita ctia khia canh thtr nhat cta séng
ché, hop chét cua khia canh tht nhéit cta sang ché duogc chon tir cac hop chét
ctia bang 1. T4t hon nita 13, hop chét cta khia canh thir nhit cta sang ché dugc
chon tir cac hop chét cta bang 2. Tt hon nita 13, hop chét cta khia canh thw
nhét ctia sang ché dugc chon tir nhém bao gdm: FAPI-02 va FAPI-04.

Theo phuong an dwgc uu tién hon nita ctia khia canh thir nhét cia sang
ché, hop chit cua khia canh thir nhét cta sang ché duoc chon tur cac hop chét
ctia bang 1 va/hodic bang 3. Tét hon nita 13, hop chét cia khia canh thir nhét coa
sang ché duogc chon tir cac hop chét cua bang 2 va/hoac bang 4. T4t hon nita 1,
hop chét ctia khia canh thir nhit cta sang ché duoc chon tir nhém bao gdm:
FAPI-02, FAPI-04, FAPI-46, FAPI-34, FAPI-42, FAPI-52, FAPI-69, FAPI-70,
FAPI-71, FAPI-72 va FAPI-73.

Bang 1: Cac hop chit dugc wu tién theo khia canh thir nhat ctia sang ché.

§ 1a cac hop chit huynh quang; $ 1a ®™Tc-chit cang hod; * 1a Pb-chit

*

X
cang hoa; R! va R? nam & vi tri 4-pyrolidin; Q, R, U vang mat; C la

, R’ 12 H; RS duoc gan vao vi tri 7-quinolyl; R7 dwugc gan vao vi

tr{ 6-quinolyl; ‘-¢ biéu thi rdng RS hoic R7 1a H; “+* biéu thi R hoic R7 1a
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A
Y ;V1a C=0; WIaNH; Y 1a CHz; Z1aC=0; R*1a-CN; A 1a O

Tén R'/R* |R R |R® D B E

6 7
FAPI-01 |[H/H |- |+ I - - -
FAPI-02 |[H/H |- |+ - # w+| n-CsHe
FAPI-02 |[H/H |- |+ B #_w+| n-CsHs
atto 488°
FAPI-02 |[H/H |- |+ - # w+ | n-CsHe
dy800C
W§ o
FAPL-03 [H/H |- |+ e e nt | n-CqHs

HO,C < o "

FAPI-04 |FF |- |+ - £ w+| n-CsHe
FAPI-04 |FF |- [+ So- 8 nt | n-CsHs
atto 488°
FAPI-05 |FF |- [+ - i et | n-CaHy
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Tén

R!/R?

E

FAPI-06

HH

NH

n-CsHs

FAPI-07

F/F

n-CsHs

FAPI-08

H/H

S
PN

n-CsHsg

FAPI-09

F/F

.......

n-CsHg

FAPI-10

F/F

HOZC N

HO,C”

BN o
AAKRVKLDKC 4

T ok
;o
. N -

n-CsHs

FAPI-11

F/F

HO,C” N

HO.C™

CH,

FAPI-12

F/F

HO,C™ N

HO,C”

n-CHy

FAPI-13

F/F

HO,C™ N

HO,C”

n-CsHg

FAPI-14

F/F

HO,C” N

HOLC™

n-CqHs

FAPI-15

F/F

HO,C™ N

HO,C

(CH4O
)2C2Hy
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Tén

RY/R?

E

FAPI-16

F/F

n-CsHs

FAPI-17

F/F

Y/
=0

éo
HOLC” M

n-CsHs

FAPI-18

F/F

HO,C._ COzH COH

COH

—
TN

n-CsHs

FAPI-

F/F

n-CsHe

19°

FAPI-20 | F/F : 1 wi | n-CsHe

FAPI-21 | F/F S E i\ N+ | n-CsH
2 P \1 O \
HO,C

FAPI-22 | F/F oo o n-CsHs
HO,C

FAPI-23 | F/F S - | n-CsHs
A M e
Hozc”';

FAPI-24 | F/F oo [ Y

(C2H4O
)3C2Ha

FAPI-25

F/F

—
TR

) 7~NH
$NH T

n-CsHe
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Tén R'/R? R® B E
FAPI-26 | F/F | (CaHLO
)2C2Hy
FAPI- | F/F #_ | n-CsHs
27°
FAPI- | F/F # 4| n-CsHe
28
FAPI-  |F/F v wn+| n-CsHs
29°
FAPI-30 | F/F # | n-CsHs
FAPI-31 |F/F w4 | n-CsHs
FAPI- | F/F | n-CsHs
32+
FAPI- F/F %NMTN* (CH4O
33% )2C2Hy
FAPI- | F/F e w+ | n-C3Hs
34°
FAPI-35 | F/F ) | n-CsHe
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Tén R'/R* |R|R|R® D B E
6 7
FAPI-36 |F/F |- [+ | .7 cor . #f /w4 | n-C3Hs
EAp ~ o AN
N
Hozc’“g
FAPI-37 [F/F |- |+ | 7 o A Mg | n-C3Hs
Hozc"’j
FAPI-38 |F/F |- |+ | . () coH D-Arg 4| n-CsHg
2 o e 0 N
LA
Ho2c"E

Bang 2: Céc hogp chit dugc dic biét quan tam. Q, R, U, D véng mit; R!

X *
va R? nam ¢ vi tri 4-pyrolidin; C

SN

la = ,

" RS, RS 13 H: R7 duoc

gén vao vi tri 6-quinolyl; V 1a C=0; W la NH; Y la CH; Z 1a C=0; R3 13 -CN;

B la 1,4-piperazin; E la 1,3-propan; A 1a O.

Tén Muc tiéu R!/ |R®
RZ
8Ga-FAPI- | PET H/H COH
HO,C o
02 )
HO,C
8Ga-FAPI- | PET F/F "COH
HO,C o
04 )
HO,C
Gd-FAPI-04 | MRI (chét tuong phan) F/F "N COH
HO,C o
e
HO.C™
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Y-FAPI-04 | xatri (B7) F/F 0 "g?’"’”‘cozH
HO,C ;’”N"QQY’:?% ?L
:\«\?<:»-~\,,N\ A
HOQC/
#mTc-FAPI- | SPECT F/F gl
S—NH
29 o ¢ ::N HO,C
Somir 50
.SN\ N. /'lgz
|\ N )/O /COQH
- (H
COgH
2BPb-FAPI- | SPECT F/F [r\f "CONH;
. noc”N, A
N Ji\;
HZNOC‘/J |
BE-FAPI- PET F/F BF
n.a.
lggRe-FAPI- Xa tri (B_) F/F 188F?e
s/ s
60 /O h 9
o AL
Hog P
AI'F-FAPI- | PET F/F | Hoc—"F
v CF L
Ho,c NN
BF-FAPI-72 |PET F/F Q
X
I
187 N7

Béang 3: Cac hop chat dugc wu tién hon nita cua khia canh thu nhit cla

sang ché.

§ 13 cac hop chét huynh quang; $ 12 ®"Tc-chit cang hod; * 1a céc tién

chét cho danh d4u F'8; Q, R, U véng mit; R' va R? nam & vi tri 4-pyrolidin;
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, R% vaR®1a H; R7 dugc gén vao vi tri 6-quinolyl va

la ; V1aC=0; WIaNH; Y la CHy; Z 1a C=0; R? 1a -CN.

Tén R!/ |R® D B E A
RZ

FAPI-39 |F/F I # » |n-CGHs |CH:

FAPI-40 |F/F Yoo - #_nt | n-CHs |S

FAPI-41 |F/F (N oom - # _wt |n-CHs |NH

FAPI-42 | F/F N # n |m-GHs |O

FAPI-43® |F/F | = ¢ @ " - #_nt |[n-GHs |O

FAPI-44® |F/F | ~ g /™ - # nt |n-GHs |O

FAPI-45% |F/F | _ o /fm - # nt |nGHs |O
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Tén R/ |R® D E A
RZ
FAPI-46 |F/F | - n-CsHs | NMe
HO,C
FAPI-47 |F/F ook - n-CsHg | O
[
FAPI-48 |F/F | - n-CsHg | O
2 g,z
FAPI-49 |FF | . - n-CsHs |O
[
FAPI-50 |F/F | | - n-CsHs | O
o
FAPI-51 | F/F oo - n-CiHs | O
FAPI-52 |F/F - n-C;Hs | NMe
HOL.C” N
FAPI-53 F/F o - n-CsHg | NMe
HO,C”
FAPI-54 |F/F | - s
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Tén

RY

A

FAPI-55

F/F

NMe

FAPI-56

F/F

FAPI-57

F/F

FAPI-58

F/F

n-CsHs

NMe

FAPI-59

F/F

n-CsHs

NMe

FAPI-60%

F/F

n-CsHg

FAPI-61°

F/F

n-CsHe

FAPI-62°

F/F

n-CsHs

NMe

FAPI-63

F/F

FAPI-64

F/F

R® D
_NTTCoH -
HO.C {,.N | %
Gl N M
HO,C™
ONTTCoH _
HO.C E‘,N y 0
'\\N,w » N . ,;\g
J
HO,C’
rxlz “COH _
HO.C N L
\N/ o \%/’ N \gfi
COuH
HOLC’ z
N N "COH -
Ho.c N L
\N - /Nv" /,\?{
HOWC™ COH
) é,ﬂ" ,\ll/‘\\COZH _
HOLC é,,,N ~ ?
t\.Nx“ N \E/_/"'\ L '\’sj\
COsH
HO,C 2
0, . -
»—C-G-C-G+
o, -
>—C-G-C-G+%
O, . -
»—C-G-C-G+
¢ONTTCOM _
HO.C” N .
< ,L o
\‘N" o \,»"‘571.
B!
HO,C’
N " CozH _
HO,C N N ?
A
HO.C’
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Tén

RY/
RZ

A

FAPI-65

F/F

FAPI-66

F/F

FAPI-67

F/F

FAPI-68

F/F

FAPI-69°

F/F

n-CsHs

NMe

FAPI-70°

F/F

n-CsHs

NMe

FAPI-71%

F/F

n-CsHs

NMe

FAPI-72"

F/F

n-CsHsg

NMe

FAPI-73"

F/F

n-CsHg

FAPI-74

n-CsHs
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Tén

RY

A

FAPI-75 |F/F vy ST N W |n-GHs |O
HO,o NN T i COM
“[1 COzH
“CO,H
FAPI-76 |F/F HoG (f - NN n-CiHg | O
HO,C” N N i
“COpH
FAPI-77 |F/F HUI N W |[n-GHs |O

'7»‘\ L-COzH

MesN”~ N
COzH
CF3C00
FAPI-77 |F/F g ME W W |n-GHg | O
R +£j)\’z 5\(,002(8\;
dll’Q’C bao MesN™ "N ¢0Bu
CF3C00
vé
FAPI-78 |F/F i o W vt [ n-GiHe | O
oy AN
MesN™ N H 5 COZH
CF43CO0
CO.H
: 0 CO,1Bu
FAPI-78 |F/F f\/’)%z ‘BOC,,;‘l . N n |n-CHs | O
0 LRI
dll’()’C bao MesN™ N u 6 i _comu
CF3C00 Y
A CO4tBu
ve
FAPL-79 |F/F | o | 8 o W |[n-GHs |O
) ¢ Q S o
N A,‘y
J
HO,C”
FAPI-80 |F/F | . co ot + Wt |n-CHs |NMe
HO,C”
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Bang 4: Céc hop chét dugc quan tdm dac biét. Q, R, U, D Vrfmg mat; R!

*

X .
va R? 1a nguyén tir flo, ndm & vi tri 4-pyrolidin; C la
R, R®1a H; R7 dugc gén vao vi tri 6-quinolyl; V 1a C=0; W 1a NH; Y 1a CHy; Z
1a C=0; R* 12 -CN; B 1a 1,4-piperazin; E 1a 1,3-propan; A 1a O.

Tén Muc tiéu RS
"88Re-FAPI-60 | xa tri (B7) o
AN
/oY o
Ac\NJin/N'\)J\‘N QQJ\Y{
H o H }I‘l
Al'8F-FAPI-42 | PET HO,C— "°F
O s
AN
BF_FAPI-73 | PET 0
I X
18 N7

Béng 5: Cac tién chit duoc wu tién dé danh dau phéng xa véi $F-18; $Cu-
64; €Ga-68; ‘Tc-99m, Re-188; “Y-90, Sm-153, Lu-177.

FAPI- NTCoH
) HO,C” >N o o on
02€’ [N/\/N\)J\N/ﬁ H\)J\N H
kCOZH K/N\/\/O\Cg
N
FAPI- (N CoH
. HO,C” N o o on
04€’ [N/\/N\)J\N/\l ©) H\/U\N H
.kcozH K/N\/\/O\&
N
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_ HOC
FAPI COpH
34% /:\\)(1 COH o ©oN
No N N H ¥
j H Ox N N
NY'\N (\N/\/\O N
\_N K”/N\) D FF
) N
o
0 NI\(C%H
Ho g COH
FAPI- (COZH
N 0 0 cN
sse |V H !
o)
CO,H K/N\/\/ AN
N
S
FAPI- /\|/\N CO,H
, HO,C™ °N o N
46¢" C § g
N N
kCO2H K/ ~ N\ B e
—
N
FAPI- (COzH
N 0 O cN
sse | H :
52 Zj/\/NQLN e o NQJ\Q
FF
/
N
FAPI- GOH
0 0 0 O N
£ H H H H ¥
69 AC/N\:)LNAWNY“\N N\)]\N e o N\)J\N
~ . o ~ 4 0 K/N\/\/N AN
SH SH
N
FAPI- CO,H COyH
0 0 o O cN
£ H H H H 4
70 AC\NJ;N%NWNYMNJ;WLN o oA
Hog 2 .M o M o LN ~UN N
SH SH
FF
—
N
FAPI- CO,H CO,H CO,H
0 0 0 O CN
£ H H H H ¥
71 Ac\N/q/N\__)LNé(N\:)LN N\/U\N e o) N\)J\N
Hoo M o L Mo K/N\/\/N N
SH SH
FF
N/
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- O cN
FAPI jj)L o M fk
72 Me;N K/N\/\/N\C% F

F
N/
FAPI- 2 H @ ON
‘ /(ﬁ/U\N o) N\)J\N H
738 Mea('3 N9 K/N\/\/O\@% F
8)J\CF3 N F

FAPI- | Ho:C

7435 {/\/N\)LN/\ o HQJ\N H
4cozH K/N\/\/O\Q\j;j
N/

- O CN
BAPL ) e 1L o M K
Y 2 (\N/ﬁ( N N
755 H >\ LN~ 0 X
<’N HO,C CO.H _ FF
\—COH N

Theo phuong an dugce uu tién hon nita cta khia canh thir nhét cla sang
ché, R® 1a gbc phong xa, trong d6 gbc phong xa 1a mot ddng vi huynh quang,
mot dong vi phong xa, mot thudc phéng xa hozic két hop ctia chung. Tét hon 13,
gbc phéng xa duoce chon tir nhém bao gbém dong vi phat xa birc xa alpha, dong
vi phat xa buc xa beta, déng vi phat xa buc xa gama, déng vi phat xa buc xa
dién tir Auger, dong vi phat xa tia X, ddng vi phat xa huynh quang, ching han
nhu: C' F8, CO!, Ga¥, Gaf®, In'!!, Tc®™, Re'$S, Re!®, La!%, La'*, Yb!™,
Sm!53, Ho'®, Y38, Y% Pm! Dy!® Er'?, Lu'”’, Sc¥, Pr'2, Gd'*, Bi2'2, Biéla,
As”, Se™, Ru”, Pd'%, Rh!%, Rh'®'™ Sb'!®) Bal®, ['B, 1124 1131 Hg'7, A,
Eu'Sl, Eu', Eu'®, T, Pb23, Pb212, Cu®, Cu®, Re!®t, Re!®, Au'®, Ac™,
Th*" va Ag'”. Tét hon 1a F'8, Cu®, Ga®®, Y*, Tc¢*™, Sm'*3, Lu'”’, Re'*®.

Theo phuong 4n dugc vu tién hon nita cia khia canh thi nhit cia séang
ché, R® 1a thudc nhuém huynh quang dugc chon tir nhém bao gdm céc loai
thudc nhudém huynh quang sau: Xanten, Acridin, Oxazin, Cynin, thude nhudm

Styryl, Cumarin, Porphin, cac phirc chit kim loai-phéi tir, cac protein huynh
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quang, tinh thé nano, Perylen, Boron-dipyrometen va Phtaloxyanin ciing nhu
céc lién hop va két hop cta cac loai thudc nhudm nay.

Theo phuong an dugc wu tién hon nita cta khia canh thir nhét cla sang
ché, R®1a chét cang hoéa tao thanh phirc chét véi cation kim loai hoa tri hai hoic
ba. Tét hon 1a chét cang hoa duogc chon tir nhém bao gém: axit 1,4,7,10-
tetraazaxyclododecan-N,N',N, N'-tetraaxetic (DOTA), axit
etylendiamintetraaxetic (EDTA), axit 1,4,7-triazaxyclononan-1,4,7-triaxetic
(NOTA), trietylentetramin (TETA), axit iminodiaxetic, axit dietylentriamin-
N,N,N',N',N"-pentaaxetic (DTPA), bis-(cacboxymetylimidazol)glyxin va axit 6-
Hydrazinopyridin-3-cacboxylic (HYNIC).

Theo phuong an duge uvu tién hon nita cua khia canh thi nhit cia sang
ché, R® 1a chat twong phan bao g@)m hoac gém c6 mot chét thuan tr, t6t hon 12
trong d6 chét thuat tlir bao gdm hodc gdm c6 céc hat nano thuén tir.

Theo phuong an dugce uu tién hon nita cua khia canh tha nhit clia sang
ché, R® duoc chon tir R® bt ky ctia cac bang tir 1 dén 5.

Theo khia canh thr hai, sang ché dé cap dén dugc pham gbém c6 hoic bao
gbém it nhat mét hop chét cua khia canh thtr nhét, va tuy y mot chat mang
va/hodc ta duge duoc dung.

Theo khia canh tht ba, sang ché d& cap dén hop chét ctia khia canh thi
nhit hoac dugc phém cua khia canh thir hai dé sur dung trong chin doéan hoic
diéu tri bénh duoc dic trung boi su biéu hién qua muc cua protein kich hoat
nguyén bao sgi (FAP) ¢ dong vat hodc nguoi. Tét hon 13, bénh duogc dic trung
béi su biéu hién qua muc cua protein kich hoat nguyén bao s¢i (FAP) duoc
chon tir nhém bao gf’)m: ung thu, viém man tinh, xo vita dong mach, xo ho4, tai
tao mo va rdi loan seo 16i.

Tt hon 13, néu bénh dugc dic trung boi su biéu hién quéd muc cua
protein kich hoat nguyén bao s¢i (FAP) la ung thu, thi ung thu nay dugc chon
tr nhom bao gém: ung thu v, ung thur tuyén tuy, ung thu rudt non, ung thu dai

trang, ung thu truc trang, ung thu phoi, ung thur dAu va cb, ung thu budng tring,
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ung thu biéu mé té bao gan, ung thu thuc quan, ung thu ha hau, ung thu vom
hong, ung thu thanh quan, té bao u thy, ung thu bong dai, ung thu biéu mé tiéu
quéan mat, ung thu biéu mé than té bao 16 rang, khdi u than kinh ndi tiét, chimg
nhuyén xuong gdy ung thu, ung thu mé lién két, CUP (ung thu biéu fné khoéng
rd nguyén nhan), ung thu biéu mé tuyén v, u than kinh dém, u té bao hinh sao,
ung thu biéu mé ¢b tir cung va ung thu tuyén tién liét. T6t hon 13, ung thu 1a u
than kinh dém, ung thu v, ung thu dai trang, ung thu phéi, ung thu dau va cb,
ung thu gan hodc ung thu tuyén tuy. T4t hon nita 13, ung thur la u than kinh dém.

Tét hon 13, néu bénh duoc dic trung boi su biéu hién qua mirc cia
protein kich hoat nguyén bao s¢i (FAP) 1a viém man tinh, thi viém man tinh
dugc chon tir nhém gdm co: viém khép dang thip, viém xwong khép va bénh
Crohn. Tét hon 13, viém man tinh 1a viém khép dang thép.

Tt hon 13, néu bénh dugc dic trung boi su biéu hién quéd mirc cua
protein kich hoat nguyén bao sgi (FAP) la xo hod, thi xo hoa dugc chon tir
nhém gdm c6: xo hod phoi, chang han xo ho phéi vo cin va xo gan.

Tét hon 13, néu bénh duoc dic trung boi sy biéu hién qua mic cla
protein kich hoat nguyén bao soi (FAP) la tai tao mo, thi tai tao mé xuét hién
sau khi bi nhdi mau co tim.

Tt hon 13, néu bénh duoc dic trung bdi su biéu hién qua muc cua
protein kich hoat nguyén bao soi (FAP) la rdi loan seo 161, thi rdi loan seo 16i
dugc chon tr nhém gém ¢O: su hinh thanh seo, khdi u seo 13 va seo 1i.

Theo phuong an thir tu, sang ché dé cap dén bd kit bao gém hodc gém co
hop chat cua khia canh thu nhét hodc duoc phém cua khia canh th hai, va
huéng dan chin doan hodc diéu tri bénh. Tét hon 13, bénh nay 1a bénh nhu da

néu o trén.

Vi du thwe hi€én sang ché

Vi du 1: Téng hop hop chat va héa hoc phéng xa
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Dua trén chét e ché dic hiéu FAP-a (Jansen va cong su, ACS Med Chem
Lett, 2013), hai chit danh dau phéng xa da dugc téng hop. FAPI-01 duoc danh
diu 16t phéng xa thu duoc théng qua tién chét di dugc stannyl héa bang hop
chit hitu co ¢6 chira thiée, duge didu ché thong qua trao doi brom/thiée duoc
xtc tac bang paladi. FAPI-02 14 tién chét cho viéc cang hoa cac kim loai phong
xa duoc tong hop theo nam budc. B??mgr cach 4ap dung cac quy trinh tuong tu
hodc stra doi mot chut, cac hop chét bd sung da dugc didu ché. CAu tric cha cac
hop chét nay dugc liét ké trong bang 1 va 2. Viéc tao i6t phong xa ctia tién chit
da duoc stannyl hoa da duoc thuc hién bang axit peraxetic. Pé cang hoa véi Lu-
177 va Ga-68, thi d6 pH cta hon hop phan Gng duoc diéu chinh bing natri
axetat va dugc dun néng dén 95°C trong 10 phut. Dd 6n dinh trong huyét thanh
ngudi duoc phén tich bing phuong phéap két tha va phan tich HPLC phéng xa
ctia phén noi trén bé mit.

Thudc thir

Tét ca cac dung méi va thube thir khéng phéng xa déu thu duoc & loai
thude thir tr ABCR (Karlsruhe, Piic), Sigma-Aldrich (Miinchen, Dirc), Acros
Organics (Geel, Bi) hoac VWR (Bruchsal, Btrc) va duge sir dung ma khong can
tinh ché thém. Este atto 488 NHS thu dugc tir AttoTec (Siegen, Dirc). axit
2,2°,2°°-(10-(2-(4-nitrophenyl)oxy)-2-oxoetyl)-1,4,7,10-tetraazaxyclo-dodecan-
1,4, 7triyl)triaxetic (DOTA-PNP) duogc tobng hop theo giao thirc ctia Mier va
dong tac gia. (Mier va dong tac gia., Bioconjug Chem, 2005). Cac chét trung
gian: axit 6-metoxyquinolin-4-cacboxylic (7), axit 5-bromoquinolin-4-
cacboxylic 3) va  (S)-1-(2-aminoaxetyl)pyrolidin-2-cacbonitril ~ 4-
metylbenzensulfonat dugc téng hop theo giao thiic cuia Jansen va dong tac gia.
(Jansen va ddng téc gia., ACS Med Chem Lett, 2013). Chat (S)-N-(2-(2-
xyanopyrolidin-1-yl)-2-oxoetyl)-5-bromoquinolin cacboxamit dugc tbng hop
bang giao thirc amit héa HBTU duoc cai bién.

Téng hop hop chit
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So dd 1 md ta qué trinh tdng hop ban dau ctia FAPI-01 dat dugc bang
cach thuc hién trao ddi Br/Li véi n-butyllithi trong axit 5-bromoquinolin-4-
cacboxylic (3) va dap tit phan ing bang idt nguyén t6 dé thu dugc iodoquinolin
4. Hop chat nay dugc ghép d6i véi doan Gly-Pro-CN bang qua trinh hoat hoa
HBTU/HOBt dé tao ra vat liéu tham chiéu khong phéng xa ctia FAPI-01 (1).

So do 1. Téng hop FAPI-01 khong phong xa. 1) nBulLi, sau d6 I, THF; ii)
HBTU/HOBt, DIPEA, H-Gly-Pro-CN, DMF.

Pé tong hop FAPI-01 phéng xa (1%), tién chit di dugc stannyl héa 6 thu
duoc bang phan ung stannyl hoa chét (rc ché 5 duoc xic tac bang paladi trong

dioxan & 80°C (so db 2).

O CN O CN O CN
H H H
O~_N H o) H o H
N \)LS —_— NVLLS o N¢th>
—_— —_—
X X X
~ P ~
N N N
5 6 1*

So d6 2. Téng hop FAPI-1 phéng xa thong qua tién chit da dugc stannyl
hoéa 4. 1) (Mes;Sn); (PPhs):PdCly; dioxan 80°C; ii) I-125 hoéc I-131; AcOOH,;
HCI 1m; MeOH.

Pé cho phép danh déu phéng xa bang cach két hop cac kim loai phong
xa, thi chat cang héa DOTA duoc lién két hoa hoc v6i khung co ban cua chét e
ché FAP. Nhu dugc trinh bay badi Jansen va dong tac gia. (Jansen va dong tac
gia, ACS Med Chem Lett, 2013), cac su cai bién & vi tri 6 cta axit quinolin-4-
cacboxylic dugc dung nap t5t ma khéng 1am gidm 4i lyc va tinh dic hiéu cta

muc tiéu. Do d6, mot moi lién ket ¢6 hai chire duge gan vao nhém hydroxyl cta
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8 thong qua lién két ete, dAn dén qua trinh téng hop duoc thé hién trong so db 3.
1-bromo-3-cloropropan cé sin d3 duoc chon dé tao ra mot dém ndi, dém nbi
nay khong bi anh hudng gi trong qua trinh xa phong héa lién két este duoc hinh
thanh dong thoi & cudi quy trinh mot binh. Hop chét 9 da duoc chuyén hoa
thanh axit quinolincacboxylic duoc bao vé bang N-Boc 10 va axit nay tiép tuc
duoc ghép doéi voi H-Gly-Pro-CN bang HBTU. Do tinh hat 4m cao cia amin tu
do, hop chét 11 d& duogc chuyén ho4 truc tiép thanh FAPI-02 (2) sau khi loai bo

Boc, trao doi dung mdi va trung hoa lugng axit p-toluensulfonic du.

CO,H CO,H CO,H

— Z ©
N N N
8

7

=

H
BOC\D o N\)J\@H N Boc. /\ COH
N ~_0 A - K/ N \/\/Om
~
N .

So dd 3. Téng hop hoa hoc FAPI-02. i) dung dich nuéc HBr 48%, 130°C;
ii) 1-bromo-3-cloropropan, Cs;COs, DMF sau d6 NaOH 6M; iii) 1-Boc-
piperazin, KI, DMF; iv) HBTU/HOBt, DIPEA, H-Gly-Pro-CN, DMF; v)
TosOH, MeCN, sau d6 DOTA-PNP, DIPEA, DMF.

Trong truong hop céc hop chét két hop nhém A # O, thi céc chét trung
gian axit quinolin-4-cacboxylic dugc tdng hop bang so d6 phan tmg khac. Budc
quan trong cta phuong phép nay la phan tmg ghép doi dugc xuc tac bing paladi
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(vi du phan tmg ghép do6i chéo Buchwald-Hartwig), doi hoi c¢6 su bao vé thém
trude va loai boé su bao vé clia chirc nang axit cacboxylic sau phan tmg ghép

chéo (so do 4).

@) OH @) OtBu @) OtBu
i i Me
Br N — Br X HO_ ~_N N
s ~ ~
N N

BOC\N/ﬁ Me O _OtBu _ Boc\N/\l Me Os_OH
[ iv K/ [
K/N\/\/N AN —_— N ~N AN
~ ~
N . N

So db 4. Tong hop khoi Xéy dung co ban axit 6-(3-(4-Boc-piperazin-1-
yl)propyl-1-(metyl)amino)quinolin-4-cacboxylic dé tong hop FAPI-46. i) DCC,
tBuOH, CuCl; ii) 3-metylamino-1-propanol, CsxCOs, Pda(dba);, BINAP; 1i1)
MsCl, NEt;, DCM sau d6 1-Boc-piperazin, KI, DMF; iv) TFA sau d6 Boc:O,
NEt;, DMF.

O CN
H
Os_N H
MesSn \)k@
X
~
N

(S)-N-(2-(2-xyanopyrolidin-1-yl)-2-oxoetyl)-5-trimetylstannylquinolin
caboxamit (6)

3,88 mg (10,0 umol) (S)-N-(2-(2-xyanopyrolidin-1-yl)-2-oxoetyl)-5-
bromoquinolin caboxamit, 20 pL (32 mg; 96 umol) hexametylditin va 0,75 mg
(1,07 umol) bis(triphenylphosphin)paladi(I) diclorua trong 1 mL dioxan khd
duoc khudy ¢ 80°C qua dém trong mdi trudng khi tro. Cac chét bay hoi dugc
loai bé va phén cin duoc cho vao 2 mL axetonitril 50%/nude va duge loc qua
C18-light cartridge trude khi tinh ché HPLC. Thu duoc 2,78 mg (5,90 pmol;
59%) san pham sau khi lam dong khd.

LC-MS R, 14,77 phut, m/z 473,0786 [M(**°Sn)+H]*
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Axit 5-iodoquinolie-4-cacboxylic (4)

Thém 5,42 mg (136 pmol) huyén phu hydrua natri (60% trong dau
khoang) vao dung dich chua 30,27 mg (120 pmol) axit 5-bromoquinolie-4-
cacboxylic (3) trong 3 mLL THF kho trong méi truong khi Ar & 0°C. Binh da
~ lanh duoc loai b va hdn hop phan Gng duogc lam lanh dén -78°C trudce khi thém
vao ting giot 100pL (160 umol) nBuLi (1,6 m trong hexan). Sau 15 phut, thém
vao tung giot 64,71 mg (254 umol) i6t trong 2 mL THF, va phan umg duoc
khudy trong 30 phut & -78°C trudce khi dé dat dén nhiét d6 phong. Sau 1 gio,
phan tmg duoc dap tét bang cach thém 1 ml NaHCO; 0,5M va khoang 30 mg
(170 umol) dithionit natri dé loai bo i6t du. Sau khi loai bé THF dudi ap suét
giam, hdn hop duogc axit hoa dén d6 pH 2 va dugc chiét ba lan bang etyl axetat
(25 mL). Céc pha hitu co két hop dugc lam bay hoi dén khé va dugc tinh ché
bang HPLC. Thu dugc 18,14 mg (60,7 pmol; 45%) hop chét tiéu dé sau khi lam
dong kho.

H! NMR (500 MHz, DMSO0-d6) 13,95 (br, 0,3H), 8,93 (s, 1H), 8,34 (d, J
=7,2 Hz, 1H), 8,12 (d, ] = 8,4 Hz, 1H), 7,60 (s, 1H), 7,52 (t, ] = 7,9 Hz, 1H); C"
NMR (125 MHz, DMSO-d6) 168,8, 150,3, 148,8, 141,3, 130,6, 121,0, 109,5;
LC-MS R; 8,65 phut, m/z 299,9383 [M+H]"

O ©CN
H
e NQJ\NéH
@%
~
N

(S)-N-(2-(2-xyanopyrolidin-1-yl)-2-oxoetyl)-5-trimetylstannylquinolin
caboxamit (1; FAPI-01).
Thém 9,07 mg (23,9 umol) HBTU trong 50 pL DMF vao dung dich chira
6,21 mg (20,8 pmol) axit 5-iodoquinolin-4-cacboxylic, 7,45 mg (55,2 umol)
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HOBt va 10 pL DIPEA trong 50 pL. DMF. Sau 15 phut, thém vao (29,9 pmol)
(S)-1-(2-aminoaxetyl)pyrolidin-2-cacbonitril 4-metylbenzensulfonat trong 50
ul. DMF. Phan tng duoc dap tit bang 850pL nudc va duge tinh ché bang
HPLC. Lam dong khé dé thu duoc 6,86 mg (15,8 pmol; 76%) san pham.

H'! NMR (600 MHz, DMSO-d6) 9,06, 8,97, 8,33, 8,13, 7,56, 7,51, 4,81,
434, 4,06, 3,74, 3,56, 2,21, 2,17, 2,09, 2,05; C'* NMR (150 MHz, DMSO-d6)
167,1, 150,2, 148.,8, 145,3, 141,5, 130,7, 125,3, 121,9, 119,3, 92,0, 46,3, 45,4,
42.1, 29,5, 24,9; LC-MS R, 11,95 phtt, m/z 435,0102 [M+H]"

Os_OH

HO N

Z

N

Axit 6-Hydroxyquinolin-4-axit cacboxylic (8)

Hoa tan 105 mg (477 pmol) axit 6-metoxyquinolin-4-cacboxylic tho (7)
trong 3 mL axit hydrobromic 48% trong nudc. Dung dich dugc dun nong dén
130°C trong 4 gio. Dung dich dugc dua vé d6 pH hoi bazo bang NaOH 6 M sau
khi dat dén nhiét d6 phong. Thu dugc 79,2 mg (419 pmol; 88%) san phim sau
khi tinh ché biang HPLC va déng khd.

H' NMR (500 MHz, DMSO-d6) 13,65 (br, 0,6H) 10,24 (s, 1H), 8,78 (d, J
= 4,4 Hz, 1H), 8,06 (d, J = 2,6 Hz, 1H), 7,95 (d,J =9,1 Hz, 1H), 7,84 (d, ] = 4,4
Hz, 1H), 7,37 (dd, J = 9,1, 2,6 Hz, 1H), C"* NMR (125 MHz, DMSO0-d6) 167,7,
156,9, 146.,5, 144,1, 133,4, 131,2, 126,2, 1223, 122,6, 106,5; LC-MS R 6,66
phit, m/z 190,0415 [M+H]*

Os_OtBu

Br N

N
tert-butyl 6-bromoquinolin-4-cacboxylat
98,3 mg (390 umol) axit 6-bromoquinolin-4-cacboxylic (tho) dugc tao
huyén phu trong 5 mL tetrahydrofuran va 25,0 pL (18,3 mg;181 pmol)
trietylamin va duoc thém vao O-fert-butyl-N,N’-dixyclohexylisoure (dugc didu
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ché ngay hom trude tir 426 mg (2,07 mmol) dixyclohexylcacbodiimit nguyén
chét, 173 mg (2,33 mmol) tert-butanol va 10,2 mg (103 pmol) dong(Dclorua).
Hon hop duoc dun néng dén 50°C qua dém. Hon hop duge loc, lam bay hoi
dung mdi, va san phém duogc phan lépbéng HPLC. Thu dugc 49,7 mg (161
umol; 41%) hop chét tiéu dé sau khi 1am dong kho.

LC-MS R; 20,40 phuat, m/z 251,9642 [M-1Bu]"

CO,H

~

N

Axit 6-(3-cloro-1-propoxy)quinolin-4-cacboxylic (9)

Thém 42,4 pL (67,4 mg; 430 pmol) 1-bromo-1-cloropropan vao huyén
phu cua 23,2mg (123 pmol) axit 6-hydroxyquinolin-4-cacboxylic (8) va 190 mg
(1,38 pmol) cacbonat kali trong 250 pL DMF va duoc dun néng dén 60°C qua
dém. Hong hop phan tmg dugc 1am mat dén nhiét do phong, dugc pha loing véi
500 uL nudc va 500 pL axetonitril truéc khi thém vao 100 pL. NaOH 6M. Hoén
hgp phan tng dugc tinh ché truc tiép qua HPLC (5-40%) sau khi qué trinh thity
‘phén este hoan toan hoan tat. Thu dugc 26,45 mg (99,4 umol; 81%) san pham
sau khi lam dong kho.

H' NMR (500 MHz, DMSO-d6) 13,75 (br, 0,4H), 8,88 (d, ] = 4,4 Hz,
1H), 8,19 (d, J = 2,0 Hz, 1H), 8,04 (d, J =9,2 Hz, 1H), 7,94 (d, ] = 4,4 Hz, 1H),
7,52 (dd, J =9,2, 2,0 Hz, 1H), 4,24 (t,J = 5,95 Hz, 2H), 3,85 (t, ] = 6,5 Hz, 2H),
2,27 (m, 2H); C'3 NMR (125 MHz, DMSO-d6) 167,6, 157,5, 147,6, 144,38,
134,0, 131,2, 125,9, 122,7, 122,2, 104,5, 64,7, 41,9, 31,6; LC-MS R 11,46 phut,
m/z 266,0461 [M+H]"

O.~__0OtB
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HO _~_N AN
~
N

tert-butyl 6-(3-hydroxypropylmetylamino)quinolin-4-cacboxylat
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204,6 mg (664 pmol) tert-butyl 6-bromoquinolin-4-cacboxylat, 34,10 mg
(54,7 pmol) BINAP, 21,51 mg (23,5 pmol) Pdx(dba)s va 480,3 mg (1,47 mmol)
cacbonat xesi dugc hoa tan trong 6 mL toluen va thém vao 128,0 pL (118 mg;
1,32 mmol) N-metyl-1,3-propanolamin. Hén hop dugc khudy & 90°C qua dém
trude khi loai bé dung méi, phan cin duge tao huyén pht trong nudc/axetonitril
theo ti 1€ 1:1 va dugc loc trude khi tinh ché béng HPLC. Thu dugc 172,7 mg
(547 umol; 82%) hop chét tidu dé sau khi lam dong kho.

LC-MS R; 13,41 phut, m/z 261,1213 [M-Bu+H]"

Boc @) OtBu
o
N\/\/N X
Pz
N

tert-butyl 6-(3-(4-Boc-piperazin-1-yl)propyl-1-(metyl)amino)quinolin-4-
cacboxylat

62,8 mg (199 umol) tert-butyl 6-(3-hydroxypropylmetylamino)quinolin-
4-cacboxylat duoc hoa tan trong 5 mL diclorometan va 90,0 uL (66,6 mg; 659
umol) trietylamin. Thém vao 20,0 pL (29,6 mg; 258 pmol) metansulfonyl
clorua & 0°C va hon hop ndy di phan ung trong 60 phat. Thém vao 194,6 mg
(1,05 mmol) 1-Boc-piperazin truée khi loai bo chat bay hoi. Thém 500 pL
dimetylfocmamit va 47,4 mg (286 pmol) iodua kali vao phan cin. Hon hop
duoc lic ¢ nhiét d6 60°C trong 120 phut trude khi san pham duoc phén lap
bing HPLC. Thu duoc 81,05 mg (167 pmol; 84%) hop chét tiéu dé sau khi lam
dong kho.

LC-MS R¢ 13,99 phut, m/z 485,3086 [M+H]"

Boc. Os_OH
oC N
k/N\/\/O AN
~
N
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Axit  6-(3-(4-tert-butoxycacbonylpiperazin-1-yl)-1-propoxy)quinolin-4-
cacboxylic (10)

15,13 mg (56,9 pumol) axit 6-(3-cloro-1-propoxy)quinolin-4-cacboxylic
(9), 55,43 mg (298 pumol) N-tert-butoxycacbonylpiperazin va 51,05 mg (30,8
pmol) iodua kali dugc hoa tan trong 250 pL. DMF. Phan tng duoc lic & nhiét
d6 60°C qua dém. Huyén phu thu duge duge hoa tan trong 750 pL nude tfuérc
khi san phdm dugc tinh ché bang HPLC. Sau khi lam déng khé, thu dugc 28,73
mg (54,3 pmol; 95%) san pham dudi dang mudi TFA tuong tmg.

H' NMR (500 MHz, D,0) 8,93 (d, J = 5,5 Hz, 1H), 8,17 (d, J = 9,3 Hz,
1H), 7,94 (d, J = 5,5 Hz, 1H), 7,79 (dd, J =9,3, 2,5 Hz, 1H), 7,65 (d, ] = 2,5 Hz,
1H), 4,36 (t, J = 5,6 Hz, 2H), 4,27 (d, J = 13,55 Hz, 2H), 3,67 (d, J = 11,95 Hz),
3,47 (t,J = 15,5 Hz, 2H), 3,27 (t, ] = 12,7 Hz), 3,12 (td, ] = 12,2, 2,65 Hz), 2,37
(m, 2H), 1,47 (s, 9H); C"* NMR (125 MHz, D,0) 155,5, 153,5, 149,0, 141,4,
134,4, 127,9, 126,6, 1223, 118,4, 110,0, 105,1, 82,8, 65,5, 54,3, 51,5, 48,6,
40,7, 29,6, 27,4; LC-MS R; 10,62 phut, m/z 416,1997 [M+H]"

Boc. O~__OH
N/\ I\l/le

l\/ NN AN
~
N
Axit 6-(3-(4-Boc-piperazin-1-yl)propyl-1-(metyl)amino)quinolin-4-

cacboxylic

100,12 mg (206 pmol) tert-butyl 6-(3-(4-Boc-piperazin-1-yl)propyl-1-
(metyl)amino)quinolin-4-cacboxylat dugc xir ly véi 900 pL axit trifloroaxetic,
25 pL triisopropylsilan, 25 pL nude va 50 pL axit triflorometansulfonic trong
60 phat. Hop chét da khir bao vé dugc két tia bang dietyl ete, 1am kho va duge
phan tmg véi 60,83 mg (279 pumol) di-tert-butyldicacbonat va 50,0 uL (36,5
mg; 361 umol) trietylamin trong 1 mL dimetylfocmamit trong 60 phut nita. Thu
duoc 55,42 mg (129 umol; 65% qua 2 budc) san phdm sau khi tinh ché bang
HPLC va lam dong kho.
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LC-MS R, 10,52 phit, m/z 429,2463 [M+H]"

Boc\N/\ 0 H\)CJ)\N §H
LN ~L0 X
N
(S)-N-(2-(2-xyanopyrolidin-1-yl)-2-oxoetyl)-6-(3-(4-tert-
butoxycacbonylpiperazin-1-yl)-1-propoxy)quinolin-4-cacboxamit (11)
Thém 9,43 mg (24,9 umol) HBTU trong 50 L. DMF vao dung dich cua
10,56 mg (19,9 umol) axit 6-(3-(4-fert-butoxycacbonylpiperazin-1-yl)-1-
propoxy)quinolin-4-cacboxylic (10), 5,38 mg (39,8 pumol) HOBt va 10pL
DIPEA trong 50 pL. DMF. Sau 15 phut, thém vao (29,9 pmol) (S)-1-(2-
aminoaxetyl)pyrolidin-2-cacbonitril 4-metylbenzensulfonat trong 50 pL. DMF.
Phan tng duoc dép tit véi 850 uL nuéc va duoc tinh ché biang HPLC. Lam
dong kho thu dugce 12,88 mg (19,4 pmol; 97%) hop chat tiéu dé.
H' NMR (500 MHz, DMSO-d6) 9,04 (d, J = 5,5 Hz, 1H), 8,24 (d,J =9,6
Hz, 1H), 8,10 (d, J = 5,5 Hz, 1H), 7,89 (d, J = 2,3 Hz, 1H), 7,85 (dd, ] =9,6, 2,3
Hz, 1H), 4,84 (t, ] = 6 Hz, 1 H), 4,46-4,36 (m, 4H), 4,26 (d, J = 12,0 Hz, 2H),
3,83 (m, 1H), 3,67 (m, 3H), 3,47 (t, ] = 7,7 Hz, 2H), 3,27 (br, 2H), 3,11 (t, J =
11,5 Hz), 2,37 (m, 4H), 2,22 (m, 2H), 1,46 (s, 9H); C"* NMR (125 MHz,
DMSO0-d6) 168,6, 168,0, 159,4, 155,5, 147,7, 141,8, 135,1, 128,2, 127,5, 123,1,
120,0, 119,1, 104,7, 82,9, 66,0, 54,3, 51,5, 47,0, 46,3, 42,3, 29,4, 27,4, 24/,
23.1;
LC-MS R; 11,81 phat, m/z 551,2736 [M+H]"
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(S)-N-(2-(2-xyano-4,4-difloropyrolidin-1-yl)-2-oxoetyl)-6-(3-(4-tert-
butoxycacbonyl-piperazin-1-yl)-1-propoxy)quinolin-4-cacboxamit

Thu duogc 13,2 mg (22,4 pmol; 75%) san pham sau theo giao thirc trudc
do.

LC-MS R; 11,84 phut, m/z 605,2610 [M+H]"

O CN
N H

Boc\N/ﬁ Me @) N\)J\N
K/N\/\/’ll A
P FF
N

N-(2-(2-xyano-4,4-difloropyrolidin- 1-yl)-2-oxoetyl)-6-(3-(4-Boc-
piperazin-1-yl)propyl-1-(metyl)amino)quinolin-4-cacboxamit

Thu duoc 1,17 mg (1,95 pmol; 92%) san pham theo giao thirc trudc do.

LC-MS R; 12,66 phut, m/z 600,3057 [M+H]"

R N~ >CO,H
HO,C [N o o o
~ N o N §H
N N/\‘ N
kCOzH K/N\/\/O N
~
N
FAPI-02 (2)

Hoa tan 4,85 mg (8,80 mmol) (S)-N-(2-(2-xyanopyrolidin-1-yl)-2-
oxoetyl)-6-(3-(4-tert-butoxycacbonyl-piperazin-1-yl)-1-propoxy)quinolin-4-
cacboxamit (11) trong 1 mL axetonitril va thém vao 4,2 mg (22,0 pmol)
monohydrat axit 4-metylbenzensulfonic. Phan tmg dugc lic & nhiét d 45° qua
dém, trudc khi cac chét bay hoi dugc loai bo duéi ap sudt giam. Phan cin dugc
cho vao 190 pL dimetylfocmamit va 10 pL (7,3 mg; 72 umol) trietylamin trudc
khi thém vao 6,77 mg (12,9 mmol) DOTA-p-nitrophenol este. Hon hop phan
tmg duoc pha lodng véi 1 mL nude va duogc tinh ché bing HPLC sau khi lic
trong 2 gio. Thu dugc 5,04 mg (6,02 pmol; 68%) san pham sau khi lam dong
kho.
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H' NMR (600 MHz, D:0) 9,02, 8,23, 8,07, 7,87, 7,83, 4,85, 4,45, 4,41,
4,40, 4,39, 3,83, 3,67, 3,50, 3,49, 2,40, 2,38, 2,36, 2,26, 2,22, 2,16; C'* NMR
(150 MHz, D,0) 1679, 159,1, 147,2, 141,8, 135,4, 127,9, 127,2, 119,8, 119,0,
104,5, 65,8, 54,1, 46,8, 46,1, 42,1, 29,2, 24,5, 23,0;

LC-MS R 8,37 phut, m/z 837,3872 [M+H]*

R N" >CO,H
HO,C [N o o o
N/\/N\)J\N/\ o N\/U\N\?H
kCOZH (UN~_O Q
N
FAPI-04

Thu duoc 3,97 mg (4,55 pmol; 57%) san phém theo giao thuc trude dé.
LC-MS R; 8,80 phut, m/z 873,3664 [M+H]"

HO,C
N 0 CN
N/\/N\)LN/\ O H\/U\N H
HO,C K/N\/\/o «
N
FAPI-42

Thu dugce 1,91 mg (2,47 pmol; 88%) san pham theo giao thiic trude do.
LC-MS R: 9,37 phut, m/z 386,6807 [M+2H]*

N~ >CO,H
N
HO,C [N o o o
H
N(\/N\/U\N/ﬁ Vi 0 N\)J\N§
N
CO.H K/N\/\/ AN
N
FAPI-46

Thu duoc 39,21 mg (44,3 pmol; 85%) san phém theo giao thuc trudce do.
LC-MS R: 9,03 phut, m/z 443,7196 [M+2H]**
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F
N y F
I
\

FAPI-19

1,09 mg (1,86 pmol) (S)-N-(2-(2-xyano-4,4-difloropyrolidin-1-yl)-2-
oxoetyl)-6-(3-(4-tert-butoxycacbonylpiperazin-1-yl)-1-propoxy)quinolin-4-
cacboxamit duoc khir bao vé Boc theo phuong phap da dugc ap dung cho
FAPI-02 va phan ung véi 2,74 mg (5,91 pmol) bis((1-(2-(tert-butoxy)-2-
oxoetyl)-1H-imidazol-2-yl)metyl)glyxin, ma dugc hoat hoa trude bang 2,13 mg
(5,62 umol) HBTU va 2,50 pL (1,85 mg; 14,3 umol) DIPEA. Sau khi tinh ché
bang HPLC va loai bo dung mdi, phan cin dugc xur ly bang 200 pL axit
triflorometansulfonic 2,5% trong axetonitril/axit trifloroaxetic theo ti 1€ 1:1. Sau
khi két tua béng dietyl ete va tinh ché béng HPLC, thu dugc 1,06 mg (1,29
umol; 70%) hop chét tidu dé.

LC-MS R; 8,91 phuat, m/z 820,2933 [M+H]"

N/\W/ \r/\CONHz

)\ CoH O HvﬁN o
Némf@“wo S :?

H
N CONH, N

CO,H
FAPI-28
Thém 1,00 uL (0,74 mg; 5,73 pmol) DIPEA vao dung dich cta 0,95 mg
(1,16 umol) FAPI-19, 0,42 mg (3,14 pmol) HOBt va 1,10 mg (2,89 umol)
HBTU trong 50 pL. DMF. Sau 10 phut, thém vao 2,30 mg (5,34 pmol) H-
Asn(Trt)-OtBu va d3 phan Gng trong 120 phut. Cac nhém bao vé fert-butyl
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dugc loai bo bang TfOH 2,5% trong TFA/axetonitril theo ti 1& 8:2. Sau khi tinh
ché bang HPLC va lam déng khd thu dugc 0,79 mg (0,75 pmol; 65%) hop chat
tiéu de.

LC-MS R 9,23 phit, m/z 524,7100 [M+2H]*"

CO,H

N o) H\/“\ H
N/\ N
/£ /Yé\/N\/\/O AN §

N” N

F
\—/ F
HN CO,H N

HO,C  COzH
FAPI-34
Thu dugce 1,01 mg (0,87 pmol; 52%) san phém theo giao thic & trén.
LC-MS R, 8,87 phut, m/z 583,6988 [M+2H]**

:/SHH o :/SHH o 9 o

AC\N/"\”/N\/U\N/-H(N\)J\N/\ o) NQKN H
0 Hoo L_N_~_oO “
N

FAPI-60

391 mg (6,66 pmol) (S)-N-(2-(2-xyano-4,4-difloropyrolidin-1-y1)-2-
oxoetyl)-6-(3-(4-tert-butoxycacbonylpiperazin-1-yl)-1-propoxy)quinolin-4-
cacboxamit dugc khir bao vé trong 30 phut bang 50 pL axetonitril va 100 uL
axit trifloroaxetic. Sau khi lam bay hoi dung moéi va rira bang dietyl ete trong 10
phut, thém hon hop dugce U trude cta 8,02 mg (9,27 pmol) axetyl-Cys(Trt)-Gly-
Cys(Trt)-Gly-OH, 4,31 mg (31,9 pmol) HOBt va 4,47 mg (11,8 umol) HBTU
trong 150 pL dimetylfocmamit va 2,50 pL (1,85 mg; 14,3 pmol) DIPEA vao
phan can va dd phan tng trong 120 phut. Thu duoc 4,66 mg (3,49 umol; 52%)
hop chét tiéu dé dugc bao vé S-trityl sau khi tinh ché bang HPLC va lam déng
kho.
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Hoa tan 3,36 mg (2,52 umol) hop chét dugc bao vé trityl trong 50 pL
axetonitril. Thém vao 3 pL Trietylsilan va 100 pL axit trifloroaxetic va da phan
tmg trong 30 phut. Thu dugc 2,01 mg (2,36 pmol; 94%; 49% qua 2 budc) hop
chét tiéu dé sau khi tinh ché bang HPLC va lam déng kho.

LC-MS R, 10,26 phuat, m/z 871,2703 [M+Na]"

CO,H

Ho O Ho O O H o §  ¢N

AC/N\a)LH/\WN\s)LH N\)J\N/\I Ve 0 N\)LN H

ey O gy O LN ~UN “ :
N ]

FAPI-69
Thu duoc 0,59 mg (0,60 umol; 39%) san pham theo giao thirc & trén.
LC-MS R; 10,25 phut, m/z 991,3490 [M+H] *

CO,H CO,H

Ho § Ho o Q H § CN
Ao~ N\/U\N/\WN\)kN N\)J\N ve © N\/U\N H
H : H S H |
0 NsH 0 ~sH O l\/N\/\/N N
N

FAPI-70
Thu duogc 0,61 mg (0,54 pmol; 33%) san pham theo giao thirc & trén.
LC-MS R; 10,14 phut, m/z 1120,3884 [M+H] "

CO,H CO,H CO,H

9 Ho§ Ho g ow §ON
A, N\:)J\N NYU\N N\)J\N/ﬁ Ve 0 N\/U\N H
Hoo :\SHH 0 :\SHH o) LN ~UN N
N "t
FAPI-71

Thu duogc 0,79 mg (0,66 pmol; 34%) san pham theo giao thirc & trén.
LC-MS R; 10,17 phut, m/z 596,7075 [M+2H]*
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SOsH  SOzH

Atto488-FAPI-02 (14)

0,66 mg (1,20 pmol) cua 11 duge xu ly véi 1,33 mg (6,96 umol)
monohydrat axit 4-metylbenzensulfonic trong 250 pL axetonitril & 45°C trong 4
gio. Sau khi loai bé dung moi, phﬁn can duoc hbé tan trong 95 pL
dimetylfocmamit va 5 pL (3,65 mg; 36,1 pmol) trietylamin. Thém vao 0,54 mg
(0,55 umol) este Atto 488 NHS trong 25 pL DMSO. Sau 60 phut, phan lap
dugc 0,49 mg (0,43 pmol; 78%) hop chét tiéu dé bang HPLC va lam dong khé.

LC-MS R( 10,19 phut, m/z 1022,2706 [M]"

FAPI-73

10,95 mg (18,7 umol) cua (S)-N-(2-(2-xyano-4,4-difloropyrolidin-1-yl)-
2-oxoetyl)-6-(3-(4-tert-butoxycacbonylpiperazin-1-yl)-1-propoxy)quinolin-4-
cacboxamit duoc khir bao vé trong 30 phut bang 100 pL axetonitril va 200 pL
axit trifloroaxetic. Sau khi lam bay hoi dung moéi va rira bang dietyl ete, thém
vao 15,02 mg (9,27 pmol) N,N,N-trimetyl-5-((2,3,5,6-tetraflorophenoxy)-
cacbonyl)pyridin-2-amin clorua va hon hop duoc hoa tan trong 200 pL
dimetylfocmamit va 10,0 uL (7,30 mg; 72,3 pmol) trietylamin. Sau 120 phut,
hon hop dugce tinh ché bang HPLC va thu dugc 11,24 mg (14,7 pmol; 79%) hop
chét tiéu dé sau khi 1am dong khd.

LC-MS R, 9,37 phit, m/z 649,2892 [M-CF;CO2]"
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O O CN
H
H
Y Y ve Oy
® e k/N\/\/N
MesN~ N ofl X s
0~ “CF,4 N

FAPI-72
Thu duoc 9,80 mg (12,6 pmol; 70%)san pham theo giao thiic & trén.
LC-MS R: 9,28 phut, m/z 662,3237 [M-CF;CO2]"

Gan thong thuong clia chudi bén bao vé cac Fmoc-axit amin

o o
H

HZN\)J\N o N\)LN H
:>\ K/N\/\/O X

tBuO,C” ~CO,tBu FF
N/

(S)-N-(2-(2-xyano-4,4-difloropyrolidin-1-yl)-2-oxoetyl)-6-(3-(4-(y,y-di-
tert-butyl)-L-cacboxy-glutamylpiperazin-1-yl)-1-propoxy)quinolin-4-
cacboxamit

Hoa tan 14,04 mg (23,9 pmol) cua (S)-N-(2-(2-xyano-4,4-
difloropyrolidin-1-yl)-2-oxoetyl)-6-(3-(1-tert-butoxycacbonyl-piperidin-4-yl)-1-
propoxy)quinolin-4-cacboxamit trong 50 uL axetonitril va 100 pL axit
trifloroaxetic. Sau 10 phut céac chét bay hoi dugc loai bo; phf?m can duogc rua
bing dietyl ete. Dung dich cua 14,95 mg (28,4 umol) Fmoc-L-Gla(tBu)>-OH,
7,74 mg (57,4 umol) HOBY, 13,46 mg (35,5 pmol) HBTU va 20,0 uL (14,8 mg;
115 pmol) DIPEA trong 200 pL dimetylfocmamit duge thém vao phan cin da
duge 1am kho. Sau 60 phut, thém vao 50,0 pL (50,4 mg; 578 pmol) mocpholin
va san pham dugc phén 1ap bang HPLC sau 30 phat. Thu dugc 15,95 mg (20,7
umol; 86%) hop chét tiéu dé sau khi lam dong kho.

LC-MS R 12,85 phut, m/z 772,3643 [M+H]"

o Q H § ¢N
'/\N/\“/N\;)J\N O N\/U\N H
Hozc/\NH o &K/N\/\/O X
</ HO,C” “CO.H _ EF
\—CO,H N
FAPI-75
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Hoa tan 3,37 mg (4,37 pmol) cta (S)-N-(2-(2-xyano-4,4-difloropyrolidin-
1-yl)-2-oxoetyl)-6-(3-(4-(y,y-di-tert-butyl)-L-cacboxyglutamylpiperazin-1-y1)-1-
propoxy )quinolin-4-cacboxamit va 4,52 mg (10,7 umol) NOTA-p-nitrophenol
trong 100 uL dimetylfocmamit va 10,0 pL (7,30 mg; 72,3 pmol) trietylamin.
Sau khi tinh ché bang HPLC va lam dong khd, hop chét trung gian duoc khir
bao vé bang cach i 60 phut trong dung dich ctia 50 puL axetonitril, 100 pL axit
trifloroaxetic, 2,5 pL triisopropylsilan va 2,5 pL nuéc. Thu duge 2,62 mg (2,77
umol; 63%) san phim sau khi tinh ché bang HPLC va lam dong khs.

LC-MS R; 9,38 phat, m/z 945,3668 [M+H]"

ME3N

CFBCOO K/ N _~_0
tBuOZC CO,tBu

\% \)J\ o] H\)(J)\ §H

oo

N/

Tién chat FAPI-77

Thu duoc 3,23 mg (3,06 pmol; 73%) san pham theo giao thic cai bién
este c6 hoat tinh chung. Ghi cht: Cac nhom bao vé¢ tert-butyl da duogc loai bo
sau qué trinh flo hod phong xa, tinh ché bang HPLC va lam bay hoi dung méi
bing cach xir Iy v6i TFA nguyén chit & nhiét do 95°C, trong 3 phit, sau d6 1a

phéan tich SPE.
LC-MS R 16,02 phut, m/z 1219,5858 [M+H]"
tBuOZC?\l
Sl L
tBu0,C” N N/\H/O
LN 0
tBuOZC) |
Axit 2-(2-(4,7,10-tris(2-(tert-butoxy)-2-oxoetyl)-1,4,7,10-

tetraazaxyclododecan-1-yl)axetoxy)axetic

28,99 mg (50,6 umol) tris-tBu-DOTA, 90,65 (278 pmol) cacbonat xesi va
10,28 uL (15,0 mg; 65,5 pmol) benzyl 2-bromoaxetat dugc tao huyén pht trong
300 pL dimetylfocmamit va lic trong 2 gid. San phim dugc phén lap béng
HPLC, lam dong khd va hoa tan trong 25 ml axit axetic 10% trong metanol.
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Thém vao 50 mg Pd 10%/C va hydro (ap suat méi trudong). Sau 2 giod, dung moi
duoc loai bo va hop chit tidu d& dwoc phan 1ap bang HPLC. Sau khi lam déong
kho, thu duoc 25,19 mg (39,9 pmol; 79%) hop chét tiéu dé.

LC-MS R; 14,14 phut, m/z 631,4784 [M+H]"

tBUOzc

)
O H (e} CN
tBquC/\NJ/ IN O\)\N/\ °© N\)]\N .
K/)N\) 0 '\/N\/\/O\(j%
tBuO,C P FF
N
tBu-FAPI-79

Hoa tan 2,00 mg (3,41 pmol) ‘(S)—N—(Z-(2—Xyano-4,4-diﬂoropyrolidin-14
yl)-2-oxoetyl)-6-(3-(1-tert-butoxycacbonyl-piperidin-4-yl)-1-propoxy)quinolin-
4-cacboxamit trong 50 uL axetonitril va 100 pL axit trifloroaxetic. Sau 10 phut
cac chat bay hoi dugc loai bo; phén can dugc rua bﬁng dietyl ete. Hoa tan 4,20
mg (6,60 pmol) axit 2-(2-(4,7,10-tris(2-(tert-butoxy)-2-oxoetyl)-1,4,7,10-
tetraazaxyclododecan-1-yl)axetoxy)axetic va 3,35 mg (8,84 pmol) HBTU trong
100 pL dimetylfocmamit va thém 10,0 pL (740 mg; 57,4 umol) DIPEA vao
phan can da duogc 1am khé va dé cho phan ting trong 60 phit. Thu dugc 2,26 mg
(2,06 pmol; 60%) hop chét tiéu dé sau khi tinh ché bang HPLC va lam déong
kho. |

LC-MS R; 12,98 phut, m/z 1099,7481 [M+H]"

HOZCjN
o] 0O CN
HOZC/\NJ/ IN o o H\)]\N H
k/)N\) o K/N\/\/O\&
HO,C P FF
N
FAPI-79

Hoa tan 2,26 mg (2,06 pmol) tBu-FAPI-79 trong 25 pL axetonitril va 100
ul axit trifloroaxetic va duoc lic & nhiét do 35°C trong 30 phut. Sau khi 1am
bay hoi dung méi, san phém duogc phan lap béng HPLC. Thu dugc 1,58 mg
(1,70 umol; 82%) hop chét tidu dé sau khi lam dong kho.
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LC-MS R; 8,84 phut, m/z 466,2737 [M+2H]**

Phan tich hop chét

Phuong phép sic ky 1ong hidu ning cao pha dio (RP-HPLC) dugc thyuc
hién bing cach st dung gradient tuyén tinh cda axetonitril trong nuéc
(axetonitril 0-100% trong 5 phut; TFA 0,1%; tbc d6 dong 2 ml/phat) trén cot
Chromolith Performance RP-18e (100x3 mm; Merck KGaA Darmstadt, Dtrc).
Su hép thu tia cuc tim da duoc phat hién & budc song 214nm. Pau do tia Y bd
sung da duoc sir dung dé phan tich HPLC c4c hop chét phong xa. Xéac dinh dic
tinh HPLC-MS di duoc thuc hién trén may quang phd khoéi lugng ESI
(Exactive, Thermo Fisher Scientific, Waltham, MA, My) dugc két ndi voi hé
théng HPLC Agilent 1200 véi cot Hypersil Gold C18 1,9 pum (200x2,1 mm;
axetonitril 0-100% trong 20 phut, tdc d6 dong 200 pL/phut). Phan tich HPLC
phéng xa dugc thuc hién béng cach str dung cot Chromolith Performance RP-
18e (100x3 mm; Merck; axetonitril 0-30% trong 10 phut; tde do dong 2
ml/phat). Tinh ché bing HPLC dugc thuc hién trén Hé théng LaPrep P110
(Knauer, Berlin, Puc) va c¢ft Reprosil Pur 120 (C18-aq 5 pm 250%25 mm; Tién
st Maisch, Ammerbuch-Entringen, Pirc). Gradient nu6c/axetonitril (15 hodc 25
phiit; TFA 0,1%; tdc do dong 20 ml/phut) di duoc cai bién cho timg san pham.

Hoa hoc phong xa

Iot phéng xa (I-125) duge mua tir Hartmann Analytik (Gottingen, Duc);
luteti phéng xa (Lu-177) ¢6 duoc tir ITG (Miinchen, Dic); gali phong xa (Ga-
68) da duoc rua giai tr may tao Ge-68/Ga-68 dugc mua tr Themba Labs
(Somerset West, Nam Phi). Tc-99m dugc rira giai tir mdy tao Mo-99/Tc-99m
(Curium Pharma, Berlin, Dtc). Cu-64 dugc cung cap boi UKT Tiibingen
(Tiibingen, Ptrc). Sm-153 duoc cung cap boéi DSD Pharma (Purkersdorf, Ao).
Pb-203 dugc cung cap bai Lantheus (N. Billerica MA, Hoa Ky). F-18-FDG va
F-18-Florua dugc cung cip bdi ZAG Zyklotron AG (Eggenstein, D). Bo kit
CRS cho tricacbonyl ¢6 dugc tir Vién Paul Scherrer (Villingen-PSI, Thuy Si).
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D6i véi su it hod, 10 pL cta tién chat hiru co c6 chia thiéc ctia FAPI-01
(1 umol/mL trong etanol) d& dugc pha lodng véi 10 pL HCl 1M va 10 pL nuée
trude khi thém vao 1-20 MBq iod-125 trong NaOH 0,05M. Phan tmg duoc bt
dau biang cach thém vao 5 uL dung dich axit peraxetic méi 1,9% trong axit
axetic bing. Sau 60 gidy, thém vao 15 pL NaOH 1M va phan Ung di duoc dap
tat bang cach thém 5 pL axit ascobic 5% trong nudc truée khi tinh ché bang
HPLC. Dung dich thu dugc duoc str dung truc tiép cho céc thi nghiém trong
6ng nghiém hoic bay hoi dén kho nhit trong diéu kién giam é&p sudt va duoc
cho vao NaCl 0,9% (Braun, Melsungen, Ptic) trong truong hop nghién clru trén
dong vat.

Viéc danh du Cu-64, Lu-177 va Pb-203 cho cac hop chit DOTA, dugc
thuc hién biang cach thém 5 MBq nuclit phong xa vao 100 pL dung dich 10 um
ctia tién chét riéng biét trong NaOAc 0,1M (46 pH 5) va i & nhiét do 95°C trong
10 phut. Dung dich dugc sur dung truc tiép cho cac thi nghiém trong 6ng nghiém
hoac dugc pha lodng véi NaCl 0,9% (Braun, Melsungen, Durc) trong truong hop
nghién ctru sy phan bd sinh hoc. P6i v6i cac nghién ctru hinh 4nh & chudt (xa
hinh, PET), chit danh dau phéng xa dugc phén tich bang chiét pha ran (sep-pak
light C18, Waters).

Panh dau Te() duge tién hanh trudc bang cach thém 1 mL Tc-99m-
pertechnetate trong nudc mubi 0,9% vao bd Kit CRS va 1 trong 20 phut. Sau
khi lam mat dén nhiét do trong phong, hén hop ciia 25,0 L tién chat (1 mm
trong nudc), 150 pL dém phosphat (0,4 M, do pH 7,4) va 240 pL axit clohydric
(1,0 M) duogc thém vao va hdn hop cudi cung dugc diéu chinh dén do pH 5 néu
can. Phan tGng duge thuc hién & nhiét d6 95°C trong 20 phut va duoc phén tich
béng chiét pha ran (sep-pak light C18, Waters). Pbi voi thi nghiém trén co thé
séng va cac nghién ctru dong vat, viéc danh dAu duoc thuc hién véi 1/5 thude
thtr va 200 pL dung dich ctia b Kit CRS sau khi khir Te(VII).

Panh diu Tc(V) duge tién hanh trude bang cach u 30 uL dung dich SnCl,
chtra 200mM glucoheptonat v6i 200 pL Tc-99m-pertechnetate trong nude mubi
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0,9% trong 10 phut & nhiét d6 phong. Thém vao 5,00 pL tién chéat (1 mM trong
nudce) va 3,75 pl dung dich hydroxit natri (0,1 M trong nudc) va hén hop cubi
cung dugc phan Gmg & nhiét d6 95°C trong 20 phut. va dugc phén tich béng
chiét pha rin (sep-pak light C18, Waters). Péi voi cac nghién ctru hinh anh &
chudt (xa hinh), chit danh diu phéng xa dugc phén tich bang chiét pha ran (sep-
pak light C18, Waters).

Viéc danh dAu v6i Ga-68 cho céac nghién ciru & dong vat dugce thuc hién
bang cach & 255 pL nude rira giai tir mdy tao (HC1 0,6 M; xap xi 230 MBq) véi
hon hop cua 1 nmol tién chat DOTA, 1 uL axit ascorbic 20% trong nudc va 72
uL NaOAc (2,5 M) & nhiét do 95°C trong 10 phut. Tinh phong xa tu do con lai
duge loai bo bang cach pha lodng véi 2 mL nudc, chiét pha ran (sep-pak light
C18, Waters), rira v4i 2 mL nudc va rira giai san phim bang 1 mL nudc/etanol
ti 1& 1:1. Dung dich thu dugc dugc lam bay hoi dén kho trong diéu kién ap suét
giam va phan cin dugc cho vao NaCl 0,9% (Braun).

Pé tao thanh cac phtrc chit AIF-NOTA thi florua F-18 dugc giit lai trén
Waters Sep-Pak QMA plus light cartridge (46 rﬁg chét hip thu; diéu kién tién
quyét véi NaOAc 0,5 M, pH 3,9), rira bang nudc va rira giai bang 500 pL
NaOAc 0,1M (pH 3,9). Ddi v&i cac nghién ctu trén dong vat, 150 pL chét rira
giai duoc U trudc voi 2 pL dung dich AICl3 (10 mM trong nudce) va 50 pL
DMSO. Sau 5 phut, hon hop duge thém vao 40 nmol tién chat NOTA (10 pL
dung dich 4 mM trong nudc) va 1 pL axit ascobic 20% trong nude. Dung dich
duoc cho phan Umg & nhiét do 95°C trong 15 phut. San phim duogc phan 1ap
bang HPLC (axetonitril 0-20% trong 10 phut), duge gidi phong khoi dung moi
va cho vao trong dung dich mubi 0,9% trudce khi tiém.

Pé tao thanh 6-floronicotinamit thi florua F-18 duoc giit lai trén Waters
Sep-Pak QMA plus light cartridge (46 mg chat hép thy; diéu kién tién quyét véi
KHCO; 0,5M), duge rira bang nuée, 1lam kho va rira giai véi hdn hop cta 7,50
mg (19,9 pmol) cryptofix 222, 1,99 mg (1,99 pmol) KHCOs trong 450 uL

axetonitril va 50 pL nude. Sau khi loai bé dung moi, phan cin dugc lam kho
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bing chung cit dang phi v6i 3x1 mL axetonitril. Phén cin dugc cho vao trong
100 uL tert-butanol/axetonitril ti 1€ 1:1, va dugc thém vao 1 mg (khoang 1,3
L) tién chét trimetylpyridin-2-amin. Dung dich dugc phan Gmg & nhiét d§ 75°C
trong 10 phat. San pham duoc phan lap bang HPLC (axetonitril 0-30% trong 10
phut), dugc giai phong khoi dung mo1 va cho vao trong nude mudi 0,9% trude
khi tiém.

Ngoai ra, 6-floronicotinamit duoc tbng hop bang cach gitt florua F-18
trén Waters Sep-Pak QMA plus light cartridge (46 mg chét hip thy; diéu kién
tién quyét voi KHCO;3 0,5 M), rira bang axetonitril, lam kho va rira giai bang 0,5
mg (khoang 0,4 - 0,6 pmol) cua tién chat FAPI (dd dugc bao vé) trong 0,5 mL
metanol. Dung moi dugc loai bé trong chan khong va ph?ln can duoc cho vao
trong 100 pL axetonitril/zert-butanol ti 1€ 1:4. Sau 20 phut & nhiét d§ 70°C, hon
hop phan ung dugce pha lodng véi nude va cac chét trung gian dugc bao vé duge
phan tich bang cach chiét pha rin (sep-pak ligh C18, Waters). Dung mdi da
duoc loai bo va 200 pL axit trifloroaxetic dugc cho thém vao phﬁn can. Hon
hop duoc gia nhiét dén 95°C trong 3 phut, sdy kho trong mdi trudong chan khong
va pha loang véi nudc trude khi san pham dugc phan 1ap bang HPLC, ma duoc
thuc hién truc tiép v6i hon hop phan tmg di duge pha lodng trong truong hop
céc hop chat khong cé cac nhom bao vé. Céc san pham d3 duoc giai phong khoi
dung mo6i va dugce cho vao trong nudc mudi 0,9% trude khi tiém trong truong
hop nghién ctu trén dong vat (nang suit hoa phéng xa khong duge hiéu chinh
Xap xi 25%).

Dé x4c dinh do én dinh trong huyét thanh ngudi, cac hop chét duge danh
d4u phéong xa (xdp xi 2,5 MBq dbi véi I-125 hoic 15 MBq dbi véi Lu-177) da
dugc tinh ché (bing HPLC hoic chiét pha ran) va dugc giai phong khoi dung
moi. Phan cin duoc cho vao trong 250 pL huyét thanh nguoi (Sigma-Aldrich)
va duge 0 & nhiét do 37°C. Cac miu duge két tia bang 30 pL axetonitril va

duoc phan tich bang HPLC (axetonitril 0-30% trong 10 pht).
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Vi du 2: Xac dinh dac tinh trong éng nghiém cula cac din xuét FAPI

Cac nghién ctru vé lién két trong 6ng nghiém d& dugc thuc hién béng
cach sir dung cac dong té bao khdi u & nguoi BxPC3, Capan-2, MCF-7 (dugc
mua tir Sigma Aldrich Chemie GmbH) va SK-LMS-1 (mua tir ATCC) cling nhu
cac dong té bao FAP duogc chuyén nhiém 6n dinh HT-1080-FAP, HEK-muFAP
va dong té bao biéu hién CD26: HEK-CD26 (c6 duge tr Stefan Bauer, NCT
Heidelberg). Tét ca cac té bao duoc nudi cdy trong méi trudng Eagle cai bién
cua Dulbecco (DMEM), c6 chira 10% huyét thanh bao thai bé & nhiét do
37°C/5% dioxit cacbon. Déi véi cac thi nghiém ndi hoa huynh quang, cac té bao
duogc gieo trén nip va nhudm bing FAPI-02-Atto488 va DAPI dé nhudém nhéan
té bao. Hinh 4anh duoc thu trén kinh hién vi dong tu quét laze, sir dung vat kinh
ngam dau 63x. Cac nghién ctru lién két phdi tir phong xa di duge thuc hién
bang cach sir dung cac té bao HT-1080-FAP. Hop chét duoc danh diu phong xa
dﬁqc cho thém vao mdi trudng nudi ciy té bao va dugc U trong cac khoang thoi
gian khac nhau trong khoang tir 10 phat dén 24 gio. Cac thi nghiém canh tranh
da duoc thuc hién bang cach cho tiép xtic dong thoi v6i hop chat khong danh
déu (10° M dén 10° M) va hop chit dugc danh dau phéng xa trong 60 phut.
Ddi voi cac thi nghiém chay thoat, moi truong phong xa da dugc loai bd sau khi
U trong 60 phut va dugc thay thé bang méi truong khéng phéng xa trong céac
khoang thoi gian tir 1 dén 24 gio. Déi véi cc thi nghiém ndi hoa, hoat tinh lién
két bé mit da dugc loai bé bang cach U cic té bao véi dung dich dém glyxin-
HCI 1 M trong 10 phat. B phong xa dugc do bing céach st dung bd dém v, |
duoc chuin hoéa thanh 1 triéu té bao va dugc tinh bang ty 18 phan trim cla lidu
st dung (% ID).

Nhugm té bao va kinh hién vi

Dbi v6i cac thi nghiém ndi hoa, cic té bao muFAP HT-1080-FAP va
HEK da dugc gieo trén cac nap day khong phu trong dia 24 giéng va duogc nudi -
cdy trong mdi trudng nudi cdy c6 chira 10% huyét thanh bao thai bé dén hop luu
cudi cing xap xi 80-90%. Mai truong dd dugc loai bo va cac té bao duoc ria
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bang 0,5 mL PBS pH 7,4 trong 2 1an. FAPI-02-Atto488 (20 uM trong DMEM)
da duoc thém vao cac té bao va duogc 0 trong 2 gid & nhiét d6 37°C. Cac té bao
dugc rira bang 0,5 mL 'PBS pH 7,4 trong 3 lan va dugc c¢b dinh bing
parafocmaldehyt (2% trong PBS) trong 15 phut. Céac nip day phat trién qua muc
duoc dit trén cac tAm kinh hién vi st dung méi truong gin c6 chira DAPI dé
nhudém nhan té bao (Floroshield, Sigma-Aldrich). Hinh anh dugc thu trén kinh
hién vi ddng tu quét laze (Zeiss LSM 700; Zeiss, Oberkochen, Dirc) sir dung vét
kinh ngdm Zeiss Plan-Apochromat 63x/1,4 Oil DIC III & ché do cai dat pixel xy
¢6 kich thude 0,099 x 0,099 pum, va kich thuéce 16 kim 1 don vi Airy cho mbi
florophore dugc sir dung (488nm cho FAPI-02-Atto488, 405 nm cho DAPI).
Cac hinh anh dugc xir Iy nhét quan bang phan mém ZEN 2008 va Image].

Nghién ctru lién két phdi tir phong xa

Déi v6i cac nghién ciru lién két phéi tir phéng xa, cac té bao dugc gieo
vao cac dia 6 giéng va duoc nudi cdy trong 48 gio dén hop luu cudi cing xap xi
80-90% (1,2 - 2 tridu té bao/giéng). Mbi truong da dugc thay thé bang 1 mL
moi truong sach khéng cé huyét thanh bao thai bé. Hop chét dugc danh déu
phong xa da dugc thém vao moi truong nudi cay té bao va dugc U trong céc
khoang thoi gian khéac nhau, tir 10 phut dén 24 gid. Cac thi nghiém canh tranh
da duoc thuc hién bang cach cho tiép xtic dong thoi véi ca hop chét khéng danh
dau (10° M dén 10 M) va hop chét dugc danh diu phéng xa trong 60 pht.
Déi voi cac thi nghiém chay thoat, moi truong phdng xa di bi loai bo sau khi 0
trong 60 phut va duoc thay thé bang mdi truong khong phong xa trong khoang
thoi gian tir 1 dén 24 gid. Trong tAt ca cac thi nghiém, c4c té bao dugc rira bing
| mL dung dich mubi dém phosphat pH 7,4 trong 2 lan va sau d6 dugc ly giai
bang 1,4 ml dung dich dém ly giai (NaOH 0,3 M, SDS 0,2%). D phéng xa
duoc xac dinh bang bd dém y (Cobra II, Packard), dugc chuan héa thanh 1 triéu
té bao va duoc tinh bang ty 18 phan trim cla lidu str dung (% ID). Mbi thi
nghiém dugc thuc hién 3 lan va dat dugc 3 lan lap lai cho mdi thi nghiém doc
1ap.
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Déi véi cac thi nghiém ndi héa, cac té bao duge 1 v6i hop chat duge dénh
dau phong xa trong 60 phit & 37°C va 4°C. Sy hép thu cua té bao di duoc
ngung lai bang cach loai bd méi truong khoi té bao va rira 2 lan véi 1 mL PBS.
Sau dé, céac té bao duge 1 véi 1 mL glyxin-HCI (1 M trong PBS, pH 2,2) trong
10 phut & nhiét do phong dé loai bo hoat tinh lién két bé mit. Cac té bao dugce
rira bing 2 mL PBS d4 lanh va dugc ly giai véi 1,4 ml dung dich dém ly giai dé
xac dinh phﬁn duoc nodi hoa. Ddi véi cac té bao duge 0 & 4°C, tAt ca cac buédc
rira va ly giai dugc thuc hién bang cach st dung dung dich dém d4 lanh. Do
phong xa dugc do bing cach sir dung bd dém v, duoc chuin hoéa thanh 1 tridu té
bao va duoc tinh bang ty 1& phan trim cua lidu st dung (% ID).

FAPI-01 nhdm muc tiéu c¢6 chon loc dbi v6i FAP-a. & nguoi va chudt

Dé phan tich cac dic tinh lién két ctia FAPI-01 véi protein muc tiéu cla
né, cac thir nghiém lién két phdi tir phong xa di dugc thyc hién bang cach sir
dung cac dong té bao ung thur va cc dong té bao khéc nhau duoc chuyén nhiém
k cho FAP ¢ nguoi va chudt cling nhu protein mang t& bao c6 lién quan chat ché
CD26, con dugc goi 1a DPPIV. Ca FAP va CD26 & chudt déu cho thdy tinh
tuong dong cao vi FAP-a & ngudi (muFAP: 90% vé d6 dong nhit va 94% vé
dé tuong tu vé muc axit amin; CD26: 52% veé do déng nhét va 71% vé do tuong
tu v6i su tuong dong vé c4u trac cao) (Kelly T., Drug Resist Updat, 2005).

Nhu dugc biéu thi trong hinh 1A, FAPI-01 cho thdy khong c6 su lién két
dang ké nao dbi véi cac dong t& bao ung thu am tinh v6i FAP trong khi nhdm
muc tiéu céc té bao biéu hién FAP-o ¢ ngudi va chudt ¢6 ai lyc cao (ICso cua
FAP-a & nguoi = 39,4 nM). Ngoai ra, khong c6 su lién két dang ké nao véi cac
t& bao bidu hién CD26 duoc quan sat thiy (0,05 £ 0,01%), ching t6 rang FAPI-
01 nhim muc tiéu c6 chon loc FAP-q. Diéu nay dac biét quan trong vi CD26
duoc biéu hién rit cao & nhiéu loai mé binh thuong, bao gbm: than, gan va rudt
non. D& tranh tin hiéu nén cao do lién két CD26 khong dic hiéu, do chon loc

cao cua phéi tir voi FAP-o 1a 1g1 thé 16m, dan dén chét lugng hinh anh t61 wu.
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FAPI-01 nhanh chong ndi hoéa trong céac té bao duong tinh v6i FAP
nhung cho thdy do chay thoét phu thudc thoi gian va khir i-6t manh mé.

Cac thir nghiém ndi héa dua trén té bao cho théy su hép thu nhanh chéng
ctia FAPI-01 vao céc té bao (hinh 1B). Sau 10 phut 1, 95% téng s6 phan 36 lién
két duge nam trong nodi bao (téng 19,70 + 0,28%). Trong vong 4 gid, chi c6 su
giam bién trong hoat tinh 1a quan sat duoc (téng cong 17,00 = 0,40%, trong d6
duoc ndi hda 94%).

Céc hop chit duge ddnh dAu idt thudong cho thay su khir i-6t enzym phu
thude vao thoi gian. Pidu nay ciing duoc quan sat thiy déi v6i FAPI-01, dan
dén dd hoat tinh phéng xa ndi bao thap cua hop chét nay sau khi trai qua thoi
gian U dai hon (3,25 £ 0,29% sau 24 gio). Qua trinh khi i-6t c6 thé duoc giam
thiéu bang cach giam hoat tinh khir i-6t enzym sau khi ha nhiét do xubng 4°C,
dan dén hoat tinh phéng xa ting 1a 26,66 £ 1,59% sau 24 gio.

FAPI-02 cho thiy su lién két va hap thu tang cuong véi FAP-a & ngudi
so voi FAPI-O1.

Dé tranh sy mét hoat tinh nhanh chéng ctia FAPI-01 do qua trinh khr i-6t
enzym, dan xuét khong chtra halogen FAPI-02 dugc thiét ké, trong d6 gbc lién
két FAP duoc lién két hoa hoc véi chét tao phirc vong cang DOTA. Ngoai sy 6n
dinh duogc tang cuong, viéc cai bién ndy con mang dén kha ning d& dang két
hop céac hat nhan phong xa dé chén doan hodc diéu tri bénh, cho phép FAPI-02
duogc str dung nhu mot hop chét trj lidu. Gidng nhu chat tuong tu dugc i-6t hoa
cta n6, FAPI-02 lién két diic hiéu v6i cac té bao biéu hién FAP-o. & nguoi va &
chudt (ICso cia FAP-a & ngudi = 21 nM) ma khong nhém CD26 (% ID=0,13 +
0,01%: hinh 1A). FAPI-02 ndi héa nhanh chéng vao céc té bao biéu hién FAP-a
(20,15 + 1,74 % ID sau 60 phut, trong d6 96% dugc ndi héa; hinh 1B), cho théy
t6c do hp thu én dinh hon va cao hon theo thai gian. So sanh voi lién két ciia
FAPI-01 sau 10 phut 1, thi chi 5% hoat tinh con lai sau 24 gio. Ngugc lai, 34%
hoat tinh phong xa ban dAu cua FAPI-02 dugc phat hién sau 24 gio u. Cac thi
nghiém chay thoat chimg minh rang FAPI-02 ¢6 muc dao thai chdm hon dang
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ké so véi FAPI-01, cho thiy kha ning giit lai 12% hoat tinh phéng xa tich tu
ban dau sau 24 gio (FAPI-01 1,1% ID sau 24 gio; hinh 1E).

Su ndi héa manh mé& cua FAPI-02 vao cac té bao biéu hién FAP-a &
nguoi va chudt duge xac nhan bing kinh hién vi quét laze huynh quang. Cubi
cling, céc té bao HT-1080-FAP vi HEK-muFAP dugc nhudm mau bang din
xuét FAPI-02 danh ddu huynh quang (FAPI-02-Atto488) trong 1 dén 2 gio. Nhu
duoc thé hién trong hinh 1D, hop chit dugc nodi héa hoan toan va tich tu bén
trong céc té bao biéu hién FAP-o trong khi ma khong c6 su hép thu ndo c6 thé
duoc phat hién trong céac té bao HEK-CD26 am tinh véi FAP-q.

Thiét ké cac dan xuit FAPI véi cac dic tinh lién két va dugc dong hoc
duoc tang cuong

Céc bién thé khac ctia FAPI-02 duoc thiét ké dé tiang thoi gian duy tri
trong khdi u, nham phat trién tac nhan nhadm muc tiéu FAP cho tri liéu. Cac bién
thé FAPI-03 dén FAPI-15 da duoc dic trung lién quan dén lién két muc tiéu, ty

16 nodi hoa va tinh dic hiéu cia muc tiéu. Cac ket qua duoc thé hién trong hinh 2.

Vi du 3: Phan tich hinh anh PET va phan bd sinh hoc & chudt

Tét ca cac thi nghiém duoc thuc hién theo luét bao vé dong vt clia Duc
va tuan thu cac quy dinh cua Uy ban chéu Au vé viéc cham séc va sir dung dong
vat thi nghiém. Nhiing con chudt dugc gdy mé bang cach hit isofluran.

Dbi vé6i cac thi nghiém trén co thé sdng, nhiing con chuét BALB/c nu/nu
8 tudn tudi (Charles River) duoc tiém dudi da vao than phai véi luong 5x10°
cac cac té bao HT-1080-FAP, Capan-2 hodc SK-LMS-1 mét cach twong ung.
Khi kich thude cta khdi u dat xap xi 1 cm?, hop chit duoc déanh du phéng xa
dugc tiém qua tinh mach du6i (~ 10 MBq dbi vé6i chup anh PET dong vat nho;
~1 MBq dé phan phéi trong céc bo phan trong co thé). Chup anh PET dugc
thuc hién tbi da 140 phut sau khi tiém tinh mach véi 1 MBq hop chit duoc danh
diu Ga-68 cho mdi con chudt, bang may quét PET dong vat nhé Inveon PET
(Siemens). Hinh anh dugc téi cdu tric 13p di lap lai bang phuong phép 3D-
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OSEM + MAP, va duoc chuyén déi thanh hinh anh vé gi tri hdp thy tiéu chuan
(SUV). Viéc dinh luong duge thuc hién bing ky thust ROI va dugce biéu thi
bang gia tri trung binh ctia SUV. Trong ni tang, sy phan b ctia hop chit duoc
danh dau Lu-177 (khoang 10 MBq cho mdi con chudt), cac dong vét (n =3 cho
mbi thoi diém) da bi giét chét sau cac méc thoi gian duge chi dinh (tr 30 phat
dén 24 gid). Phan bo hoat tinh phéng xa dugc do trong tat ca cac co quan cac bd
phén trong co thé d3 bi mb va trong méu bang cach sir dung bd dém y (Cobra
Autogamma, Packard). Cac gia tri dugc biéu thi béng ty 1& phﬁn tram cla lidu
tiém trén moi gam ctia mo (%ID/g).

Pbi v&i mo hinh hoéa duge dong hoc, héng s6 van chuyén K1 va céc héng
sb ti 1é k2- k4 duoc tinh toan bé‘mg mo hinh ngan md d6i, dugc thuc hién trong
phin mém PMOD [4], c6 tinh dén phan mach mau (vB), ma dugc két hop véi
thé tich mau trao d6i véi mé trong mot VOL. Céc hang s6 ti 16 mé ta cac thong
luong clia ngan bao gdm k1 (lién két véi thu thé), k2 (tach rdi) cling nhu k3 (ndi
hoéa) va k4 (chay thoat) trong mo khéi u. Trong md hinh nay, thé tich phan sb
ctia phan bd (DV = K1/k2) 1a ty 1é cua vung quan tdm, trong d6 c¢6 phén bb
nuée duoc danh dau O'°.

Céac bién thé FAPI tich tu trong ghép ngoai lai biéu hién FAP & nguoi
cling nhu trong ghép ngoai lai khong bidu hién FAP bang cach tuyén chon va
kich hoat nguyén bao so1 & chudt.

Su tich tu trong khéi u ctia FAPI-02 va -04 dugc danh gia bing chup hinh
PET dong vét nhod dbi véi nhitng con chudt mang thé ghép ngoai lai tlr ca cac té
bao khoi u duong tinh va m tinh véi FAP ¢ nguoi. Trong ca hai truong hop,
chét danh diu phéng xa cé thé duoc lam giau nhanh chéng trong khdi u va duge
duy tri trong it nhat 140 phat (hinh 3A, C, E, G). Dong thoi, FAPI-02 va -04
cho théy lién két khong dic hiéu & muc thap khong dédng ké va ching nhanh
chong duoc dao thai khoi mau chu yéu 1a thong qua than va bang quang, dan
dén muc nén thap va ty 18 khdi u/co quan 1a c6 loi. Sir dung ddng thoi hop chét
khong dugc danh déu lam dbi tac canh tranh, dan dén hoan toan khéng c6 hoat
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tinh phdng xa trong khéi u, chimg minh tinh dic hiéu cua chét danh diu phéng
xa d6i v&i protein muc tidu cua né (hinh 4). Piédu tha vi 1a sy hip thu trong khdi
u cao cua FAPI-02 di duoc quan sat thiy & nhitng con chudt mang cac dong té
bao khéi u duong tinh v6i FAP-o (HT-1080-FAP) cling nhu am tinh véi FAP-a,
(Capan-2), do tuyén chon va kich hoat cac nguyén bao sgi & chudt duoc hoat
hod. Céac dac tinh dugc dong hoc cua chét danh diu phéng xa dugc tinh toan tir
dit liéu PET, sit dung m6 hinh ngén mé do6i theo nhu Burger va dong tac gia,
Nucl Med, 1997, dugc dua ra trong bang 6.
Phan tich duoc dong hoc ctia FAPI-02

Pon vi Capan-2 Capan-2 HT-1080-FAP
- dapan- - d6i twong - d0i twong
2ch canh tranh canh tranh
capan-
vB 11 0,08 T
kI mlcem/phit 008 e R IR
K2 clphthieiede e nis 0
K3 lphat 0,08 o010 R —
k4 1/phat 0,05 . 10,02 - 0’07 '
Vs ml/ccm (’)‘,93 . 2,31 e 0,18 .
Flux ml/ccm/phﬁt 0,03 | . }0,03’ R 0,01 -
e e

Béang 6. Cac dic tinh duge dong hoc ctiia Ga®®-FAPI-02, dugc tinh toan tir
dir liéu dong hoc PET, st dung mé hinh ngan m6 déi theo nhu Burger va dong
tac gia., Nucl Med, 1997. vB: phén s6 mach mau két hop voi thé tinh mau trao
d6i v6i mo trong mot VOI (thé tich dugc quan tdm); k1-k4: céac hang sb ti 18
duoc tinh toan; Vs: ti 1€ néng do lién lién két dic hiéu trén téng néng do ban
dAu tai diém can bang; Vt: tong thé tich phan bo. |
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Nhitng quan st nay dugc xac nhén ring viéc sir dung Lu!”-FAPI-02 va -

04 trong nghién ctru phén bé sinh hoc, din dén sy tich ty trong khdi u nhanh

chong & ca cac khéi u duong tinh va am tinh véi FAP-a. ¢ ngudi véi hoat tinh

rét thap trong tit ca céc co quan khéc (gié tri dinh lvong mirc hép thu xem trong

bang 7), dan dén ty 18 khéi u/co quan 1a c6 loi (hinh SD-F). Két qua tuong tu

cling thu duge dbi véi Lu'”-FAPI-04 & nhitng con chudt mang khdi u HT-1080-
FAP. So véi FAPI-02 thi FAPI-04 cho thay mic hép thu trong khéi u 12 cao
hon, dic biét 13 sau 24 gio (hinh 5C). Viéc tinh toan dién tich dudi duong cong

(AUC) dugc thé hién trong bang 8.

FAPI-02
(Capan-2)

FAPI-02
(HT-1080-
FAP)

FAPI-04
(HT-1080-
FAP)

Rudt

Thin

Gan
Phoi
Co
Lach

Khéi u

0,05+0,010
0,370,031

0,30 £ 0,064

 1,45£0,106

0,06 £ 0,006
0560085
037£0,046
T

1,70£0,206

0,80+0,089
0,660,196

0,36+ 0,015
0,72£0,021

0,45 + 0,074

1,02%0,152

g

0,94 + 0,168

0250015
3,82 £ 0,390

170332
03840051 |
e

10,9240,

Bang 7. Dinh luong dit liéu phan b sinh hoc tai thoi diém 1 gio sau khi
str dung tiém tinh mach cht FAPI-02 va -04 dugc danh dAu Lu-177 vao nhimng

con chuot trui 16ng Balb/c mang khdi u; n=3; gia tri dugc bdo cdo 1a gia tri

trung binh %ID/g + d6 léch chuan.
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%ID/g 1 giv 4 giov 24 giv

"FAPI-  45+082 40£056 112 + 64
o . 0’1‘3
FAPL-  49+082 54+151 3,0£023 ¢
04
FAPI-  60£090 58=0,60 2,8%040
05 . . -
FAPL 324072 29+012 1,1£0,04 493
10
FAPL. 635057 878077 4p<in 575
3 . ..
FAPL.  34+1,13 46+032 1,1£025 68,0
15

Bang 8. Mtc hip thu trong khéi u clia cac dan xuit FAPI di duoc chon &
nhirng con chudt tryi 16ng mang khdi u HT-1080-FAP, n=3. Cac gia tri dugc
bao céo la gia tri trung binh ID/g + d¢ 1éch chuan.

Vi du 4: cac nghién ctru PET/CT lam sang

Chén doan hinh anh ctia hon 100 bénh nhéan dugc thuc hién theo cac diéu
kién da cap nhat cua tuyén bd Helsinki, muc § 37 (Can thiép chua duoc chimg
minh trong thyc hanh 1am sang) va theo Luat Dugc phim cua Ptc, muc §13
(2b) vi céc 1y do y té bang cach st dung ca Ga*®-FAPI- 02 hozc -04, dugc 4p
dung cho tiém tinh mach (20nmol, 122-336 MBq), tao thoi diém 10 phut, 1 va 3
gidy sau khi ding chét danh dau. Sy thay ddi cta hoat tinh chét danh diu phéng
xa dd duoc tiém 1a do thoi gian ban huy ngén cta Ga®® va higu suat ria giai thay
déi thu duoc trong sudt khoang thoi gian st dung cua méy tao Ge®/Ga®. Viée
léy hinh anh FDG cia m6t bénh nhan duoc tién hanh 1 gio sau khi tiém tinh
mach véi 358 MBq chit F'8-FDG. Quét PET/CT dugc thuc hién véi méay quét
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Biograph mCT Flow™ PET/CT (Giai phép y té ciia Siemens) bang cach st
dung cac thong s6 sau: do day lat cit 5 mm, mrc ting 3-4 mm, nhan tai tao md
mém, liéu chim séc. Ngay sau khi quét CT thi PET toan than di duge thu nhan
& ché do 3D (ma tran 200x200) trong thiét bi FlowMotion™ véi toc do 0,7
cm/phut. Dir liéu phat xa duge hiéu chinh vé 86 lidu ngau nhién, d6 phan tan, do
phan huy. Tai tao dugc thuc hién véi thuat toan t6i da hoa ky vong tap hop con
theo thir tu (OSEM) véi 2 1an 1ap/21 tap con va phép loc Gauss téi d§ phan gidi
doc truc la 5 mm & muc t6i da mét nira toan bo chiéu rong (FWHM). Hiéu
chinh d6 suy giam da duoc thuc hién bang cach str dung dit liéu CT khong ting
cuodng & lidu thap. Viéc danh gia dinh luong céc gié tri hép thu dugc chuan héa
(SUV) dugc thuc hién bang cach sir dung k¥ thuét viing quan tam.

FAPI-02 va -04 tich tu nhanh chéng trong di cdn ung thu v, tuyén tuy,
phoi, HNO, ruét non va budng trimg & ngudi

Quét chan doan PET/CT duogc thuc hién 1 gid sau khi tiém tinh mach
Ga®®-FAPI-02 va -04 & nhitng bénh nhéan bi di can ung thu v, phéi, tuyén tuy,
HNO, rudt non va buéng tring. O tit ca cac bénh nhan, co sy tich tu manh mé&
cla chit danh ddu da duoc quan st thdy trong khéi u nguyén phét ciing nhu
trong di can hach va xuong vaéi gia tri SUV t61 da 1a 48,0. Nguoc lai, su hép thu
chét danh d4u vao mé binh thudng 14 rat thap (hinh 6-14). Hoat tinh phéng xa
da duoc loai bo nhanh chong khoi dong mau va duge bai tiét cha yéu thong qua
than, dan dén hinh anh c6 d6 tuong phan cao. Hinh 4nh so sanh & mdt bénh
nhan ung thu biéu md tuyén tién trién cuc bd dd boc 16 vu diém 15 rang cua
FAPI—OZ khi so sanh v&i phuong phap PET thuong dung, sir dung chét danh dau
FI8.FDG. Nhu duoc hién thi trong hinh 9, FAPI-02 cho thdy su hap thu cao hon
v6i hoat tinh nén thap hon, dan dén d6 twong phan cao hon véi tam nhin t6t hon
dbi vé6i cac thuong ton di can. Trai nguoc véi FDG tich tu cao trong cac té bao
c6 muec tiéu thu glucoza cao, vi du: bd ndo, thi FAPI-02 nhim muc tiéu c¢6 chon
loc vao cac mé ma & dé6 FAP-a duoc biéu hién. Hinh anh so sanh ¢ mdt bénh
nhan bi ung thu tuyén tién liét cho thdy mot uu diém 13 rang ciia FAPI-04 so
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v6i cac phuong phéap PET thudong thuong ding, st dung cic chit danh déu
Ga%-DOTATOC va Ga%-PSMA, cho phép phat hién cac thuong tén khéi u nhé
hon v6i su tich tu chit danh ddu giam & than (hinh 14).

Thao luan

Chan doan déang tin cdy cac khéi u nguyén phat, thwong ton di can va céc
hach bach huyét bi anh huéng c6 tAm quan trong hang dau dé cho phép 1ap ké
hoach diéu tri hiéu qua va dﬁy du, bao gém xac dinh giai doan cta khéi u va lua
chon phuong phap diéu tri. Véi muc dich nay, cac k¥ thuét hinh anh 13 cac cong
cu khong thé thiéu dé dénh gia nhiéu loai ung thu. Do d6 chinh x4c chan doan
cao va kha nang danh gia chi tiét ca vé giai phau va sinh ly, PET/CT két hop 1a
phuong phéap duge lua chon dé chan doan khéi u hién dai. Tuy nhién, trai nguoc
v6i cac k§ thuét hinh anh khéng x4m 14n, ching han nhu chi MRT hoic CT, thi
PET/CT két hop doi héi viée str dung chit danh ddu phéng xa ¢6 ai luc cao dbi
v6i cac cAu truc muc tidu c6 biéu hién ting cudng trong cac khdi u so véi cac
md binh thudng. Chat danh diu ly tuéng can lién két dic hiéu vdi protein muc
tiéu cua n6 dé dam bao c6 su phan biét dang tin cay gitta mo bi ung thu va mo
khoe manh, cling nhu tin hi¢u nén thép dé din dén hinh anh c6 d6 tuong phan
cao. Ai luc va tinh dic hiéu cang trd nén quan trong hon néu chét danh dau
phong xa dai dién cho hop chét tri liéu, tic 1 cung cip kha nang dugc nap cac
hat nhan chin doéan hodc diéu tri, tao diéu kién thuén loi va cai thién viée diéu
tri trung dich va ca nhan héa. Lién quan dén tmg dung tiém ning cua chat ddnh
dau cho muc dich tri liéu, tinh dic hiéu muc tiéu cao dam bao gidm tac dung
phu, diéu nay dac biét quan trong dé bao vé cac md nhay cam véi buc xa nhu
tuy xuong, co quan sinh sén va tiéu hoa.

V6i suy nghi d6, cac tac gia sang ché da phat trién chat danh dau tri lidu
nhdm vao cac nguyén bao soi lién quan dén ung thw, ma ching tao thanh thanh
phan chinh cta chét nén khéi u. Chiing duoc biét 1a dong mét vai trd quan trong
trong su tang trudng, di tri va tién trién ciia khdi u va vé mat di truyén ching 6n
dinh hon so véi céc té bao ung thu, do d6 it bi anh hudng hon véi su phét trién
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cua kha nang khang tri liéu. Trai ngugc vdi cac nguyén bao sgi binh thuong,
CAF biéu hién céc protein dic biét co thé duoc st dung 1am chéat danh diu dac
hiéu cho khdi u. Mot trong sé d6 1a protein mang FAP-a dugc biéu hién mot
céch rong rdi trong méi truong vi mé ciia nhiéu loai khéi u va do d6 cho phép
nhim muc tiéu vao cac thuc thé khdi u khac nhau, bao gdm ung thu tuyén tuy,
ung thu vi va phéi, chiém phan 1én trong toan bo khéi u rén.

Dua trén chét tc ché enzym phan tir nho c6 4i luc cao véi protein muc
tiéu clia no, cac tac gia sang ché da phat trién chat danh du phéng xa tir FAPI-
01 dén FAPI-73, bang cach cai bién héa hoc tap trung. T4t ca cac hop chat cho
théy kha nang lién két dac hiéu v6i FAP-a & nguol va chudt, véi su ndi hoa
nhanh chéng va gn nhu hoan toan ma khong can xir 1y protein c6 lién quan
chit ch& CD26/DPP4. K& tir khi cac phan tir d3 i-6t hoa trai qua qua trinh khir i-
5t bang enzym v6i chay thoat it tu do, thoi gian 0 dai hon dan dén muic phéng
xa ndi bao thép. Theo tinh toan nay, FAPI-02 va cac hop chét tiép theo duoc
thiét ké voi gde lién két FAP duoc lién két hoa hoc v6i chét tao phirc cang héa
DOTA. Biéu nay dan dén mét tap hop cac hop chét trj ligu c6 cic dic tinh duoc
dong hoc va sinh hoéa thuan loi, trong dé gf)m: FAPI-02, FAPI-04, FAPI-46,
FAPI-34, FAPI-42, FAPI-52, FAPI-69, FAPI-69 FAPI-71, FAPI-72 va FAPI-73
dai dién cho céc phdi tir duge ua chudng nhét. Ca FAPI-02 va FAPI-04 déu bi
dao thai cham hon déng ké so véi FAPI-01, véi mire gift lai 1a 12% (FAPI-02)
va 49% (FAPI-04) cua do phong xa tich tu ban dau sau 24 gio (FAPI-01, 1,1%),
v6i cac hop chit dugce ua chudng khac c6 kha ning lién két tham chi con manh
hon (hinh 16). Sy n6i héa nhanh chéng vao cac té bao biéu hién FAP-o va cho
thay ty 18 hip thu vao khéi u cao & ca chudt mang khéi u va bénh nhén bi di cin
ung thu biéu mé. Nguoc lai, khong c6 sy tich tu trong mé binh thudng va thanh
thai nhanh khoi hé thng mau, dan dén hinh anh cé d6 tuong phan cao. Su noi
hdéa manh vao trong ca cac té bao biéu hién FAP-a & nguoi va chudt da dugc
x4c nhan bang kinh hién vi dong tu, str dung FAPI-02 dugc danh diu huynh
quang. Tuong phan véi thé hé dau tién ctia khang thé FAP F19, ma c6 4i luc cao
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v6i protein muc tidu nhung khong ndi héa, thi FAPI-02 cho thiy su hip thu ndi
bao hoan toan sau 1 gid . Co ché ndi héa sau khi lién két FAP d3 duoc nghién
ctru boi Fischer va cac dong tac gia, st dung cac manh khang thé FAP (Fabs) va
khang thé khang chudt DyLight 549 trong cac té bao SK-Mel-187. Pem u & 37°
C dan dén noi hoa cta cac phirc chat khang thé FAP. Nhu véi phén tir nho cua
céc tac gia sang ché, qua trinh ndi héa xay ra nhanh chéng véi sy ndi héa gan
nhu hoan toan. Su khu tru cia cac Fab bang diém danh d4u cho hat co quan noi
bao sém dd dugce quan st sau 20 phit va voi diém danh du cho hat co quan
ndi bao mudn va tiéu thé sau 40 phut. Qua trinh ndi hdéa FAP- o qua trung gian
Fab d3 bi chan lai boi mot chét e ché dbi voi qué trinh nhép bao phu thude
dong luc, chi ra ring qua trinh nhap bio xuét hién theo co ché phu thudc dong
luc.

FAPI-02 va -04 dugc dao thai nhanh chéng khoi co thé bang cach thanh
thai than ma khong bi giit lai trong nhu mé than. Trai ngugc véi FI-FDG, ma
dugc tich tu nhiéu trong céc té bao ¢6 muc tiéu thu glucoza cao, bao gdm md
viém hodc hoac ndo, thi FAPI-02 lai dugc lam giau c6 chon loc trong cac mo
ma tai dé cac protein muc tiéu ctia né dugc biéu hién. Piéu ndy mé ra nhing
trién vong m&i cho viéc phat hién cac thuong ton 4c tinh & nhitng ving nay.
Ngoai ra, FAP-a ciing cdugc chimg minh 1a dwgc biéu hién bang viém mang
hoat dich thdp khép dang soi & bénh nhan bi viém khép dang thip, viém xwong
khép, xo vita dong mach, u xo cling nhu mo tim bi thiéu mau cuc bd sau khi bi
nhdi mau co tim. Nhitng quan sat ndy goi y viéc ap dung FAPI-02 va -04 1am
cong cu theo ddi hinh anh cho céc chi dinh thém.

Yéu t6 han ché dé phat hién cac thuong ton khéi u 13 mic d6 biéu hién
FAP-a trong khdi u. Diéu nay phan 1én phu thudce vao sé luong nguyén bao soi
da duoc hoat hoa, tuc 1a ty 1& phan tram ctia ham luong chéat dém, va/hodc sb
luong phéan tor FAP-a trén mdi nguyén bao sgi ma co thé duoc xac dinh bdi moi
trudng vi md. Cho dén khi sy phat trién khéi u vuot qué kich thude tir 1 dén 2
mm, muc doi héi cin thiét dé tao thanh chat dém hd tro, nén c6 thé hinh dung
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cac thuong t6n nhé trong pham vi pham vi 3-5 mm 1a c6 thé sir dung duoc
FAPI-PET/CT.

Nhu véi bat ky phuong phap nhdm muc tiéu nao khac, cac dan xult FAPI
chi dat duoc két qua t61 wu & cdc mo ¢ biéu hién FAP-a di cao cin thiét, duoc
biét dén 1a kha khong dong nhét & céc loai ung thu va cac bénh nhéan khac nhau.
Bén canh ung thu vu, dai trang, tuyén tuy, 13 nhitng di tuong tuyét voi cho
chan doan hinh anh FAPIL, cac phan tich tiép theo phai tim hiéu xem liéu cac
thuc thé khdi u khéc nhu ung thu phéi, ung thu dau va cd, ung thu budng trimg
hay ung thu gan c6 phai 1a cac muc tidu c6 loi thé hay khong.

Ngoai ra, biéu hién FAP-a d3 duoc chimg minh trong qua trinh lanh vét
thuong va md xo héa, diéu nay can duoc luu y khi giai thich cac két qua X
quang. Nhiing sy that niy nhin manh su can thiét phai danh gia dung bénh nhan
nao c6 kha ning dugc hudng loi tir liu phap FAPI tiém ning. Pem dén kha
nang dé st dung cac hat nhén, cho du trong chan doan hodc diéu tri, FAPI-02 va
-04 cho phép phan ting don gian nhém bénh nhén thich hop. DU bing cach nao,
rd rang 1a ca hai chit danh diu FAPI déu dai dién cho cac ung vién ly tudng cho
viéc phat trién duoc phdm phéng xa nhim muc tiéu. Do ching cé ai luc muc
tiéu cao, ndi héa khdi u manh va thanh thai co thé nhanh, ching da thuc su phu

hop mét cach 1y tuéng dé chup anh khéi u.

Vi du 5: Xac dinh dac tinh FAPI trong éng nghiém va trén co thé séng

Céc quy trinh thir nghiém va danh gia 1am sang

Tat ca cac thi nghiém trong 6éng nghiém va trén co thé song ciing nhu
danh gia lam sang dbi véi cac dan xuit FAPI d3 duoc thuc hién nhu mo ta trén
va theo nhu Loktev va dong tac gia' va Lindner va dong tac giaZ. Mot udc tinh
dinh liéu so bd cho FAPI-02 va FAPI-04 13 dua trén hai bénh nhan dugc thi
nghiém tai thoi diém 0,2 gid, 1 gio va 3 gid sau khi tiém chét danh diu bing
cach sir dung bé phan mém dinh liéu QDOSE. Tiép theo, quét PET/CT ddi véi

cac bénh nhan c6 khdi u, duoc thu nhén tai thoi diém 1 gi0 sau khi tiém FAPI-
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02 (n=25) hoac FAPI-04 (n=25); dbi véi 6 bénh nhan, da c6 sén quét FDG lién
quan dén timg c4 nhan (cfing thu nhén tai thoi diém 1 gio sau khi tiém). Déi véi
cac moO binh thuong cua 16 bo phan co thé, ¢c6 2 cm VOI hinh ciu dugc dat
trong nhu mo, dbi véi thuong t6n khdi u , VOI phan doan theo ngudng duge sir
dung dé dinh lugng gid tri SUVtrung binh/tdi da’.

Xac dinh dic tinh trong dng nghiém cia cac din xudt DOTA-FAPI

Pé danh gia ty 18 lién két nhdim muc tiéu va nodi hoéa cta cac din xuét
DOTA-FAPI khi so sanh véi FAPI-04, thi cac hop chit duoc danh ddu Lu-177
duoc 1 voi cac té bao HT-1080 biéu hién FAP trong 1, 4 va 24 gio, mit cach
twong tmg (hinh 16). Phan lién két mang dugc loai bo bang rira giai axit bang
cach str dung glyxin-HCl ¢6 d6 pH 2,2, sau d6 1a ly giai té bao kiém dé xac dinh
phan dugc ndi héa. Nhu duoc trinh bay trong hinh 16, tit ca cac dan xuét thé
hién lién két t& bao cao hon so v6i FAPI-04, vé6i cac gia tri lién két 1én téi 500%
hop chét chi dao sau 1 gio 0 (1én t6i 750% sau 4 gio).

Pé dénh gid ai luc va do dac hiéu nhim muc tiéu, cac thir nghiém lién két
canh tranh di duoc thyc hién bang cach sir dung ndng do ngay cang ting cia
hhop chat khong dugce danh ddu lam ddi thil canh tranh ctia hop chit duoc danh
ddu Lu-177 (hinh 17; gié tri ICso twong tng duoc liét ké trong bang 9). Do dic
hiéu cua lién két cling duge xac nhén trong xét nghiém lién két phdi tir phong
xa, bing cach sir dung cac té bao HEK biéu hién FAP- va CD26- & chudt (hinh
18).

Hop chat ICso Hop chat ICso
(nM) (nM)
FAPLO4 = 65 | FAPISO 15
FAPI-05 17,2 'FAPI-40 12,7
FAPI-I0 199  FAPL4L Gy

FAPI-13 4,5 FAPL-46
gNyELE s e
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FAPI-20 7,2 FAPI-48 26,3

Bang 9. Gié tri ICso cta cac din xuét FAPI duoc chon khi duge xac dinh
béng xét nhiém lién két canh tranh.

Su phan bé trong b phan co thé ciia cac dan xuit DOTA-FAPI & nhiing
con chuét mang khéi u

Dé phan tich dic diém dugc dong hoc ciing nhu su hap thu vao khdi u
trong co thé, cac dan xudt DOTA-FAPI dugc danh déu Lu dd duoc str dung qua
duodng tinh mach cho nhitng con chudt mang khdi u HT-1080-FAP. Sy phan b
trong bo phan co thé ctia cac hop chat dugc danh dau phéng xa dugc xac dinh
bén ngoai co thé, trong méau, mé khée manh, va khéi u. Nhu dugc hién thi trong
hinh 19, hau hét cac hop chit déu thé hién ti 18 hép thu & khdi u cao hon khi
duoc so sanh voi FAPI-02 va FAPI-04, déang chd v 13 tai thoi diém 24 gio sau
khi dung. Do tang d6 nhiém m&, mot s6 chit danh dau phéng xa thé hién hoat
tinh trong méu cao hon ciing nhu ting luu giit & than. Viéc xac dinh ty 18 khéi
u/mau van cho thiy loi thé rd rang cta cic hop chat FAPI-21 va FAPI-46 ching
té ty 1€ cao hon dang ké so v6i FAPI-04 tai moi thoi diém duoc kiém tra (hinh
20).

Chup 4nh ¢ dong vat nhé cua cac dan xuit DOTA-FAPI & nhing con
chuét mang khéi u

Dua trén nhitng phat hién nay, viéc chup anh PET & dong vat nho da
duge thuc hién bing cach st dung cac dan xuat DOTA-FAPI duoc danh dau
Ga-68 1én dén 140 phut sau khi sir dung tiém tinh mach chét danh diu phéng xa
cho nhitng con chudt mang khdi u HT-1080-FAP. Ty 1é khéi u/méu c6 loi cua
FAPI-21 va FAPI-46 dan dén hinh 4nh c¢6 do twong phan cao, cho phép hién thi
rd rang cac khdi u duong tinh véi FAP (hinh 21). Phan tich dinh lugng vé su
tich tu chat danh d4u trong mé khdi u, than, gan va co béap (duoc dua ra duéi
dang gia tri SUV tdi da) cho thidy murc hoat tinh & co, thin va gan ctia FAPI-46
thip hon mét chat so véi FAPI-21 (hinh 22).
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U'éc tinh phan phéi sinh hoc va do lidu ctia FAPI-02 va FAPI-04 so sanh
v6oi FDG ¢ bénh nhéan bi ung thu

R4t gidng cac gia tri trong tai liéu dbi vé6i F-18-FDG, Ga-68-
DOTATATE hoic Ga-68-PSMA-11, sy kiém tra v6i 200 MBq Ga-68-FAPI-02
va -04 twong tmg véi lidu twong duong xap xi 3-4 mSv. Sau khi thanh thai
nhanh qua than, cic bd phan binh thudng trong co thé cho thiy su hip thu chét
danh d4u thip, vé6i chi nhitng thay doi tdi thiéu trong khoang thdi gian gitta 10
phut va 3 gid sau khi tiém. O FAPI-02, khéi u hap thu tir 1 dén 3 gid sau khi
tiém, giam 75%, trong khi d6 su luu lai trong khéi u kéo dai hon mét chuat véi
FAPI-04 (rira trdi 50%). Tai thoi diém 1 gio sau khi tiém, ca hai chit danh déu
FAPI déu c6 hoat tinh nhu nhau (hinh 23). So véi FDG, su hap thu cta khéi u
gén nhu bang nhau (gié tri trung binh ciia SUV t6i da ¢ FDG 1a 7,41; SUVti da
6 FAPI-02 1a 7,37; n.s.); su hép thu nén trong ndo (11,01 so vai 0,32), gan (2,77
so Vi 1,69) va niém mac miéng/hong (4,88 so véi 2,57) 1a thdp hon dang ké véi
FAPI-02; cac bd phén khéc trong co thé khong cé su khac biét lién quan giira
FDG va FAPI-02 (hinh 24). Dé biét thong tin chi tiét va két qua, xem Giesel va
dong tac gia®, dugc két hop bang tham chiéu ¢ day.

Chup anh PET cta FAPI-04 & cac bénh nhan méc céac loai ung thu khac
nhau ciing nhu cc khéi u 4c tinh khong phai ung thur

Ngoai su hip thu nhanh FAPI-04 duoc danh diu Ga-68 trong cac bénh
ung thu khac nhau, bao gdm cac khdi u: vu, tuyén tuy, budng trimg va HNO, su
tich tu chét danh diu ciing duoc chimg minh trong ung thur biéu mé mang byung
(hinh 25A) ciing nhu mot sb khéi u ac tinh viém nhu viém co tim (hinh 25B) va
viéem khép (hinh 25C). Nhing két qua nay chi ra tmg dung tiém ning cla céc
FAPI dugc danh ddu Ga-68 dé phat hién cac khdi u 4c tinh khéng phai ung thu
duoc dac trung bdi qua trinh viém man tinh lién quan dén viéc tuyén chon céc
nguyén bao soi dugc kich hoat. |

Chup anh PET ctia FAPI-21 va FAPI-46 ¢ nhitng bénh nhan méc cac loai
ung thu khac nhau
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Nhu duoc biéu thi trong hinh 26, sy tich tu manh mé& cua FAPI-21 duoc
danh dau Ga-68 dd dugc quan sat thdy & cac loai ung thur khac nhau, bao gdm
ung thu biéu mé budng trimg, truc trang va niém mac. Sy hip thu vao khdi u
tuong tu cling dugc thé hién ddi v6i FAPI-46 duogc danh ddu Ga-68, ching tich
tu nhanh chéng trong ung thu biéu mé tii mat va dai truc trang, ung thu phdi
cling nhu mé lién két soi cimg hoa (hinh 27). Sau khi kiém tra PET/CT bang
cach str dung FAPI-46 dugc déanh dau Ga-68, phuong phép tri liéu dau tién sir
dung chit déanh dau phéng xa dugc danh diu Sm-153 da duoc thuc hién & hai
bénh nhan ung thu. Nhu duoc hién thi trong hinh 28, su tich tu manh m& vao
khéi u cta chat danh diu 1a co thé phat hién duge dén 20 gid sau khi ding
thudc. Hinh anh FAPI-46-PET/CT cua ba bénh nhan ung thu phdi bi xo phoi vo
can da phat hién ra sy khéc biét rd rang cia sy tich tu chét danh diu trong céc
thuong t6n ung thu so véi u xo. Nhu duge hién thi trong hinh 30, sy hp thu vao
khéi u ciia FAPI-46 duoc danh diu Ga-68 cao hon dang ké & hai bénh nhén (A,
B) nhung thip hon mét chut & mot bénh nhan (C), khi so sanh véi hoat tinh
dugce do trong md xo héa. Bénh nhan thé hién trong hinh C bi xo phdi trAm
trong hon so v6i hai truomg hop khéng trim trong. Do d6, chét dénh déu c6 thé
hitu ich trong viéc phan biét bénh nhan bi xo hda cé tién lugng x4u v6i bénh
nhén c6 tién luong tot.

Céc din xuét FAPI dé danh diu phong xa bang cac hat nhan phéng xa
thay thé, vi du: Tc-99m, Pb-203, Cu-64 va F-18

Dé cho phép str dung cac hat nhan phéng xa thay thé, mot loat cac dan
xuét FAPI d3 duoc thiét ké va duoc dic trung su lién quan dén 4i luc muc tiéu,
tinh dic hiéu va duge dong hoc. Trong mot s hop chét nay, chét tao phic vong
cang ban diu DOTA di duoc thay thé bang cac gbc cang hoa khic nhau, ma
phi hop 1y tuéng dé két hop Tc-99m (FAPI-19, -27, -28, -29, -33, -34, -43, -44,
-45, -60, -61, -62). Ai luc FAP trong 6ng nghiém va su phan bd sinh hoc &
nhirng con chudt ghép ngoai lai HT-1080-FAP duogc thé hién mét cach mau
muc ddi véi FAPI-19 va FAPI-34. Ca hai hop chét déu thé hién sy lién két
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manh mé& véi FAP & ngudi trong 6ng nghiém (ICsp FAPI-19: 6,4 nM). Trai
ngugc voi FAPI-19, cho thay su hdp thu ctia khdi u khong du trong co thé ciing
nhu sy tich tu nhanh chéng & gan do su dich chuyén dao thai tir than sang gan,
FAPI-34 lién tuc duoc lam giau trong khéi u va cho thay su hap thu & gan it hon
dang ké (hinh 31, 32). Ung dung chin doén déu tién ctia FAPI-34 duoc danh
diu Tc-99m & bénh nhan ung thu tuyén tuy voi di cin gan cho thiy su tich tu
trong khéi u 6n dinh cua chét danh dau 1én dén 4 gio sau khi dung. Ngoai ra,
hoat tinh nén tong thé 1a twong d6i thap, ddn dén hinh anh c6 d6 twong phan cao
(hinh 33). Piéu nay mang dén tmg dung rong rdi dé chin doan bing xa hinh va
tri liéu, sau khi danh dau vé6i Re-188.

Céac dan xuat FAPI dugce danh ddu phong xa Pb-203 (FAPI-04, -32, -46
va FAPI-04tcmc) thé hién lién két t& bao tuong duong véi cac té bao HT-1080-
FAP v6i FAPI-32 va FAPI-04tcme dat gia tri 1ién két cao nhét sau 60 phit G
(26,93 + 0,846 va 21,62 + 0,61% ID/1 triéu té bao, hinh 34A). Trong khi do,
FAPI-32 nhanh chéng bi dao thai khéi cac té bao khéi u so vé6i khi lién két ban
dAu (t% = 2 gid), FAPI-04tcme cho thiy d6 chay thoat t& bao cham hon dang ké
(t% = 7 gid) nhung ciing c6 ai luc FAP thap nhat nhu duoc thé hién bdi xét
nghiém canh tranh (ICso = 5,7 pM, hinh 34C). Theo tinh toan nay, FAPI-04 va
FAPI-46 dugc dac trung boi thoi gian ban hiy va gia tri ICso t61 uu, di dugc
chon dé phan tich sau hon trong co thé séng. Nhu dugc hién thi trong hinh 35,
c4 hai hop chét dugc 1am giau lién tuc trong khéi u trong khi chi thé hién lién
két thap khong dang ké v6i mo khée manh. Cac két qua X quang dd xac nhan
trong nghién ciru phan bd sinh hoc, trong d6 ca hai chat danh diu phéng xa
ching to sy hép thu vao khdi u manh mé&, hoat tinh trong cic bd phan nhin
chung thép ciing nhu nhanh chéng bai tiét qua than (hinh 36).

Pé cho phép danh diu phong xa bang Cu-64, thi cac dan xudt NOTA cb
FAPI-42 va FAPI-52 da duogc phat trién va duoc dic trung lién quan dén 4i luc
muc tiéu, tinh dac hiéu va dugc dong hoc. Nhu dugce hién thi trong hinh 37, ca
hai chat danh d4u thé hién lién két manh mé& véi cac té bao HT-1080-FAP trong
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thoi gian u 1én dén 24 gio, véi cac gid tri ICso twong tu trong khoang nanomol
thap hon (hinh 37A, B). Tuy nhién, FAPI-42 bi dao thai chdm hon dang ké so
v6i FAPI-52, dan dén thoi gian ban hily trong 6ng nghiém duoc tinh toan 1a 12
gidr (hinh 37C). Nhitng két qua ndy duoc xic nhan bing hinh anh & dong vt
nhé cta nhitng con chudt ghép ngoai lai HT-1080-FAP. Nhu duoc hién thi
trong hinh 38, ¢ hai hop chét ching t6 sy hip thu vao khdi u manh mé&, ciing
nhu thanh thai nhanh chéng khoi dong mau trong co thé séng. Pang chu y, su
bai tiét clia than dbi véi FAPI-42 xay ra nhanh hon déng ké so voi FAPI-52,
trong khi hoat tinh trong khéi u cta né van duy tri cao hon mdt chit trong
khoang thoi gian tir 2 dén 24 gid sau khi dung.

Cac dan xuit NOTA c6 FAPI-42 va FAPI-52 di duogc trién khai dé hinh
thanh cac phirc chdt nhom florua dé cho phép chup anh véi F-18. Nhu duge
hién thi trong hinh 39, ca hai hop chét chimg to sy hap thu vao khéi u nhanh
chong trong hinh anh dong vat nhé cua chudt ghép ngoai lai HT-1080-FAP.
Mic du ca hai hop chét nay chi yéu duoc bai tiét theo dudng than, nhung viée
dao thai qua duong mat cling dugc quan sat thdy. Trong khi sy bai tiét qua than
nhanh hon d6i véi FAPI-52, thi su tich tu trong khéi u cao hon, su duy tri trong
khéi u dai hon va ty 16 & duong mat thap hon lai c6 1gi cho FAPI-42.

Tai liéu tham khao
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of nuclear medixin : xudat ban chinh  thir, Hiép hoi Y hoc hat
nhdn:10.2967/jnumed.118.210435 (2018).

2 Lindner, T. va ddng tac gia. Phat trién phdi tr tri liéu dua trén
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hoc hat nhan: xudt bdan chinh thikc, Hiép hoi Y hoc hat nhdn,
doi:10.2967/jnumed.118.210443 (2018).

3 Giesel, F. va ddng tac gia. FAPI-PET/CT: danh gia phan phdi sinh
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nhan bj céc loai ung thu khac nhau. Tap chi y hoc hat nhdn: xudt ban chinh

thike, Higp hoi Y hoc hat nhan, doi:10.2967/jnumed.118.215913 (2018).

Vi du 6: Xac dinh dic tinh FAPI trong dng nghiém va trong co thé

Dit liéu tién 14m sang

Véi muc dich 13 nhdm muc tiéu ¢6 chon loc khéi u ndo duong tinh véi
FAP, cac thi nghiém ban dau da duoc thuc hién trén nhiing con chudt mang
khéi u bang cach str dung kiéu ghép ngoai lai u nguyén bao than kinh dém &
ngudi US7MG. Su tich tu trong khdi u va su phan bd trong cac b phén trong co
thé cia FAPI-02 va -04 dugc déanh diu phéng xa di dugc phan tich bang hinh
anh PET & dong vat nhé ciing nhu trong nghién ctru phan bd sinh hoc. Nhu
duogc hién thi trong hinh 40 va 41, ca FAPI-02 va -04 déu cho thiy su hip thu
trong khdi u nhanh chéng va hoat tinh thip & muc khong dang ké trong cac bd
phén co thé khoe manh va trong mau.

Dit liu 1am sang

Theo phan loai cuia WHO nam 2016, u than kinh dém duoc chia thanh
WHO u than kinh dém dang tu nhién IDH bac I-IV va WHO u than kim dém
dot bién IDH béc II-IV. U than kinh dém WHO bac IV thuong gip nhat 13 u
nguyén bao than kinh dém.

Chup anh PET lam sang dugc thuc hién ¢ 18 bénh nhan u than kinh dém
(5 u than kinh dém dot bién IDH, 13 u nguyén bao than kinh dém dang tu nhién
IDH; xem bang 10). Nhu dugc thé hién trong hinh 42-44, u nguyén bao than
kinh dém dang tu nhién IDH va u than kinh dém dot bién bac III/IV, nhung
khong phai bac II cho thdy sy hip thu cta chét déanh diu tang cao. Trong u
nguyén bao than kinh dém, cic tac gia sang ché quan sat thiy cac diém c6 su
* hép thu tang cao trong hinh chiéu trén céc khu vuc dugc ting cudng tuwong
phan.

Két luan
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Su hép thu chét danh d4u ting trong u nguyén bao than kinh dém dang tu

nhién IDH va u té bao hinh sao dot bién IDH béc cao, nhung khong phai trong u

t& bao hinh sao lan to4 c6 thé cho phép phén biét khong xam lan gitra u than

kinh dém dot bién IDH cip d6 thap va cap do cao, va hitu ich cho nhiing nghién

ctru tiép theo. Su hip thu chit danh diu khong dong nhat trong u nguyén bao
than kinh dém c6 thé hitu ich cho viéc 1ap ké hoach sinh thiét.

Bang 10: Dac diém bénh nhan

. Phan
S6 cua Trang , - |thuat
bénh |Tudi |théi Bic Smh [ |
nhan |(ndm)|IDH  |Chéndodn [WHO|Vitri  |[thiét  |Tiéndidutrj
U nguyén _ . |
Dang tu . Phai thuy | Sinh
1 57 bao than v ) Hoéa xa tri
nhién dinh thiét
kinh dém
U nguyén _ '
Dang tu . Hai bén Sinh
2 65 bao than IV y Khong
nhién tran thiét
kinh dém
Trai thuy
U nguyén .
Dang tu . dinh va Sinh
3 66 bao than | IV , Khong
nhién thai thiét
kinh dém
duong
U nguyén o ,
Dang tu . Phai thai Cat
4 64 bao than 1AY Hoéa xa tri
nhién duong doan
kinh dém
U nguyén
Dang tu . Sinh
5 58 baothan | IV Lach y Khong
nhién thiét
kinh dém
6 48 |Dangtu| Unguyén | IV | Traitran Cit Hoéa xa tri
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nhién | bao than — thai doan
kinh dém duong —
thuy dinh
U nguyén Phai doi
Dang tu . Sinh
7 20 bao than IV | thi/tha ) Khong
nhién thiét
kinh dém duong
U nguyén ,
Dang tu . Trai thai Cat
8 54 bao than | IV ' Khong
nhién duong doan
kinh dém
U nguyén Cat
Dang tu . .
9 56 bao than IV | Hachnén| doan Khong
nhién
kinh dém cuc bo
U nguyén ,
Dang tu . Phai thai Cat
10 61 bao than | 1V Khong
nhién duong doan
kinh dém
U nguyén
Dang tu . Sinh
11 86 baothan | IV | Vanhtia , Hoa tri
nhién thiét
kinh dém
U nguyén
Dang tu \ ) Sinh
12 68 baothan | IV | Thé chai , Khong
nhién thiét
kinh dém
U nguyén o )
Dang tu . Traithai | Sinh
13 71 baothan | IV , Khong
nhién duong thiét
kinh dém
Dot o
, U nguyén Phai thai ,
bién . Cat
14 29 baothan | IV | duong - Khoéng
IDHI1 doan
kinh dém thuy dinh
R132H
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Bot Tu ghé
, u ghep u ,
bién ) Cat
15 47 té bao hinh | III | Tran phai Khéng
IDH1 doan
sao
R132H
bot Khuyéch
bién | tanuté Tréi thuy | Sinh
16 47 II , Khong
IDH1 | bao hinh dinh thiét '
R132H sao
bot Khuyéch
bién | tanuté Cit
17 47 IT | Tréi phai Khong
IDH1 | bao hinh doan
R132C sao
Dot Khuyéch
bién tan u té Trai tran- | Sinh
18 43 II . Hoéa tri
IDH1 | bao hinh thuy dinh | thiét
RI32H |  sao |

Céc thir nghiém t4i hap thu
D4i vé6i cac the nghiém tai hép thu, FAPI-04 va -46 duogc danh dau Lu'”?

Vi du 7: Xac dinh dac tinh FAPI trong 6ng nghiém va trén co thé séng

(5 MBg/nmol trong DMEM) da dugc thém vao cac té bao HT-1080-FAP va

duoc U trong 60 phut & 4°C va 37°C, tuong Umg. Méi trudong phong xa da dugc

loai bo va céc té bao dugce rira hai 1an bang dung dich mudi dém photphat (PBS)

c6 do pH 7,4. Sau d6, moi truong khdng phong xa c¢6 va khong c6 FAPI khong

danh dau (1 pM) da duogc cho thém vao trong khoang thoi gian tir 10 phit dén 6

gid. Céc té bao dugc rira hai 14n véi PBS c6 do pH 7,4. Dé loai bé hoat tinh lién

két bé mit, cac t& bao duge u bang glyxin-HCl (1 M trong PBS, pH 2,2) trong

10 phat & nhiét d6 phong. Sau khi rira hai 1an bang PBS d4 lanh, céc té bao
duogc ly giai v6i 1,4 ml dung dich dém ly giai (NaOH 0,3 M, SDS 0,2%) dé xac
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dinh phan dugc ndi héa. Pbi véi cac té bao duoc i & nhiét do 4°C, tit ca céc
bude rira va rira giai duoc thuc hién bang cach st dung b dém d4 lanh. Do
phéng xa duge do bang cach sir dung b dém vy ((Packard Cobra II), dugc chuin
héa thanh 1 triéu t& bao va dugc tinh bing ty 18 phan trim cta lidu 4p dung (%
AD; xem hinh 47).

Xét nghiém trc ché enzym

Dé xac dinh hiéu qua vc ché tiém ning ctia FAPI-04 ddi v6i hoat tinh
enzym cua FAP, cac xét nghiém tc ché enzym dugc thuc hién bing cach str
dung protein FAP téi t6 hop ¢ nguoi (1 pmol/giéng) trong dia 48 giéng. Sau khi
4 FAPI-04 hodc Talabostat (0-1.000 nM/giéng) v6i FAP & ngudi trong 30 phut
& 37°C, chit nén FAP florogen Z-GP-AMC da dugc thém dén n(‘A)ng d6 cubi
cung 0-200 pM/giéng va G trong 60 phut & 37°C. Hoat tinh enzym ctia FAP
duge xac dinh bing cach do cuong do huynh quang cia san phim phéan tng
AMC & 360/460nm bang cach st dung dau doc dia SpectraMax M2 (Molecular
Devices, San José, Hoa Ky) (xem hinh 46).

Str dung nhiéu liéu FAPI-04 cho nhiing con chut mang khéi u HT-1080-
FAP

Dbi v6i cac thi nghiém phan bd sinh hoc, nhitng con chuét BALB/c nu/nu
8 tuan tudi (Charles River) duogc tiém dudi da vao than phai véi 5 tridu té bao
HT-1080-FAP tuong ung. Khi kich thudc cua khéi u dat xdp xi 1 cm?, hop chét
duge danh ddu phéng xa dugce tiém qua tinh mach duéi. Nhém cic dong vét dau
tién duoc tiém mot lidu 177Lu-FAPI-04 (2 MBq mdi con), trong khi nhém thir
hai nhan duoc hai liéu mdi liéu 1 MBq, véi liéu thi hai duge tiém 4 gid sau 1an
tiém dau tién. Nhom thir ba duge tiém téng cong ba lidu, v6i lidu ban dau 1a 1
MBq mdi con chudt, sau dé 1a 0,5 MBq 2 gi¢ va thém 0,5 MBq 4 gio sau lan
tiém tht nhét. Cac con vat (n =3 cho mdi diém thoi gian) da bi chét 8 va 24 gid
sau lan tiém dau tién. P6 phong xa phan tan duoc do trong tat ca cAc co quan bi

md xé va trong mau bang cach sir dung bd dém (Cobra Autogamma, Packard).
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Céc gia tri duge biéu thi bang phan trim liéu tiém trén mdi gram mé (% ID/g)

(xem hinh 48).

Vi du 8: Xac dinh dac tinh FAPI trong 6ng nghiém va trén co thé séng

Quy trinh thir nghiém va danh gia lam sang

Tét ca céc th nghiém trong 6ng nghiém va trén co thé séng ciing nhu
viéc danh gia 1am sang cua cac dan xuit FAPI duoc thuc hién nhu d3 dugc mé
ta trong tai liéu ban du va theo Loktev va dong tac gia' va Lindner va dong tac
gia 2,

Xac dinh ddc tinh trong ng nghiém doi véi céc dan xudt F-18-FAPI

TAt ca céc thu nghiém dugc thuc hién tuong tu dbi v6i FAPI-42 (danh
diu AIF-18) hodc FAPI-72 (danh d4u F-18 nicotinamit).

Hop chit 1Cs0 Hop chit ICso
(nM) (nM)

e = .,

FAPI-73 5)4’ ' }Fw.»/vﬂ’)l-75 o 2’9 -

Bang 11. Gia tri ECso cua cac dan xuit FAPI duoc chon khi x4c dinh
bang xét nghiém lién két canh tranh

Xac dinh sw thanh thai bé mdu

Dé uéc tinh téc do thanh thai ctia hop chét, thoi gian ban hay duge tinh
toan bang su suy giam ham mi hai pha gia dinh tir cac gid tri SUV trung binh
(0,375-60 phut) cua tim nhu 13 dai dién ctia bé mau. Tét c4 cac hop chit dugc
chon bi thanh thai rdt nhanh véi thoi gian ban hity duéi 10 phut. Cac gi tri cao
4n dinh dugc tinh toan, cao hon ddi véi FAPI-13, -21, -36 dugc danh diu Ga-68
va FAPI-74 duoc danh ddu AIF-18, v& mit ly thuyét tuong tmg véi phan cao
hon cua hop chét khong bi thanh thai do lién két khong dac hi€u hoac con lai
trong vong tuan hoan (Bang 12). Nhu mét vi du cho viéc thanh thai nhanh, céc
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duong cong hoat tinh- thoi gian cho FAPI-04 va -46 gitta 0 va 15 phut dugc thé

hién trong hinh 53.

Hop chat Thanh thai hd mau (T2 Gid tri cao on dinh
[phut]) (SUVtrung binh)

Eatl-04 s 5

CAPLI3 L . ot

papLar R R

FAPI-36 " s 058

FAPI-46 . 5 .. BB

FAPI-74 | 2,4 ' 032

Bang 12. Chu ky ban huy hd mau va gié trj cao on dinh ly thuyét cia cac
din xuat FAPI duoc chon d3 duge tinh toan tir gid tri SUV trung binh béng su
suy giam ham mii hai pha gia dinh. Dé 15 rang, chi c¢6 ti 1& xé4c dinh gia tri chu
ky ban huy la duoc liét keé.

Chup anh ¢ dong vdt nho cua cadc dén xuat F-18-FAPI & nhitng con chudt
mang khoi u

Dua trén nhitng phat hién nay, chup anh PET & dong vat nhé da duoc
thue hién bang cach sir dung cac dan xult NOTA dénh dau F-18 va céc din xuét
FAPI dugc danh dAu F-18-nicotinamit 1én dén 140 phut sau khi tiém tinh mach
chét danh déu phéng xa vao nhitng con chudt mang khéi u HT-1080-FAP. Céc
dan xuét c6 F-18-nicotinamit, FAPI-72, -73 va -77 cho théy su tich tu khong noi
troi & gan cling nhu bai tiét qua dudng mat, trong khi FAPI-78 dugc dao thai
qua than nhung khong cho thdy su hép thu vao khéi u. Trong trudng hop céc
din xuit NOTA duoc danh ddu AIF-18, FAPI-74 va -75, ¢6 d dic hiéu muyc
tiéu cao va do thanh thai nhanh da dugc quan sat thdy, dan dén hinh anh c6 dd
twong phan cao, cho phép hién thi rd rang cac khdi u duong tinh v6i FAP (hinh
50).

Sw phdn bé cdc dén xudt F-18-FAPI trong trong bé phdn co thé cia &
nhirng con chu¢t mang khoi u
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Pé phan tich hd so duge dong hoc ciing nhur su hép thu vao khdi u trong
co thé sinh {/ét song, FAPI-75 dugc danh diu AIF-18 da duogc str dung tiém tinh
mach cho nhitng con chudt mang khéi u HT-1080-FAP. Sy phan bb hop chét
duoc danh déu phong xa trong bd phan co thé dugc xac dinh bén ngoai co thé,
trong mau, mo khée manh va khéi u. Nhu duge thé hién trong hinh 51, céc hop
chat nay thé hién su hép thu vao khdi u cao, mac du so véi cac dan xuat DOTA
duge danh dau Ga-68, thi cac tac gia dd quan st thiy c6 su tich tu cao hon &

trong cac moé khoe manh, trong khi hiéu sut trong chup anh PET 14 nhu nhau.
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Cac hang muc
Cac hang muc sau ddy thé hién cac phuong an dugc wu tién theo sang
ché.

1. Hop chat c¢6 cong thic (I)

Q U w Z
RS/Q)(/ \R ~ \V/ \Y e \N 5
A R
R 7 1

R o,

trong do:
| Q,R, U, V,W, Y, Z cé mat hodc Véng mat riéng 1é voi diéu kién la it nhét
3 trong sb Q,R, U, V,W,Y, Z co6 mat;

| Q, R, U, V, W, Y, Z dugc chon doc lap tir nhém gom: O, CHz, NR,
C=0, C=S, C=NR*, HCR* va R*CR*, v6i diéu kién 13 hai O khong lién k& nhau;

R' va R? duoc chon doc 14p tir nhém gém: -H, -OH, halo, Cjs-alkyl, -O-
Ci-6-alkyl, S-Ci.6-alkyl;

R® duge chon tir nhém gdém: -H, -CN, -B(OH),, -C(0O) -alkyl, -C(O) -aryl-
, -C=C-C(O) -aryl, -C=C-S(O)z-aryl, -CO.H, -SOs;H, -SO2NHa, -PO3Ha, va 5-
tetrazolyl;

R* dugc chon tir nhém gém: -H, -Cis-alkyl, -O-Ci¢-alkyl, -S-Ci¢-alkyl,
alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl, alkynyl, aryl, va -Ci-¢-
aralkyl, moéi -Ci.¢-alkyl néi trén duoc thé tiy ¥ bang tir 1 d&én 3 nhém thé, dugc
chon tur: -OH, oxo, halo va tuy y dugc ndi véi Q,R, U, V,W,Y hoidc Z;

R’ dugc chon tir nhém gdém: -H, halo va Ci-alkyl;

8
R

R® va R’ duge chon doc lap tir nhém gom: —H, va

8
R\D/B\E"AY . .
, voi dieu kién la RévaR’ khong dong thoi 1a H,
trong do
L 1a mbi lién két,
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trong d6 D, A, E va B ¢6 mit hodc ving mat riéng 1¢, tot hon 13 trong d6
it nhit A, E va B ¢6 mat, trong d6 khi ¢6 mit thi:
D 1a mdi lién két;

A duoc chon tir nhém gém: NR*, O, S, va CHy;

E dugc chon tr nhém goém: Cis-alkyl, W
| FF FF
WN\M?% WO%ON
F F
"{f\/\ot\/&\ |

trong d6ila 1, 2, hoac 3;

va

trong d6j1a 1, 2, hodc 3;

trong do k 1a 1, 2, hodc 3;

trong do m 1a 1, 2, hoac 3;

A va E cung nhau tao thanh nhém dugc chon tu: xycloalkyl,
heteroxycloalkyl, aryl va heteroaryl, tot hon 1a heteroxycloalkyl, trong d6 A va
E ¢6 thé 1a don, doi va da vong, t6t hon 1a don vong; mdi A va E dugc thé tuy y
bang tir 1 dén 4 nhém thé duoc chon tur: -H, -Cis-alkyl, -O-Ci6-alkyl, -S-Ci.6-
alkyl, alkenyl, heteroalkenyl, xycloalkenyl, xycloheteroalkenyl, alkynyl, aryl, va
-C¢-aralkyl, mdi -Ci6-alkyl néi trén duoc thé tiy y bang tir 1 dén 3 nhém thé
duoc chon tu: -OH, oxo, halo; va tuy y duoc ndi v6i A, B, D, E hoac

b

B duoc chon tir nhém gdm: S, NR*, NR*-O, NR*-Ci.¢-alkyl, NR*-Ci.¢-

alkyl-NR*, va di vong don hodc d6i thom hodc khong thom c6 tir 5 dén 10 canh,

tot hon 1a con bao gém 1 hodc 2 nguyén tir khac loai dugce chon tir: O, N, va S,
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t6t hon 1a con bao gébm 1 hodc 2 nguyén tir N, tot hon 13 trong d6 NR*-C.-
alkyl-NR* va di vong chtta N duogc thé bang tir 1 dén 3 nhom thé dwoc chon tir
nhém gom: Cie-alkyl, aryl, Ci¢-aralkyl; va;

R® dwoc chon tir nhém cé chira gbc phéng xa, chit cang hoa, thudce

nhuém huynh quang, chét tuong phan va cac két hop cta ching;

C:X 14 mot gbe 1-naphtyl hoic mét di vong don hodc ddi thom
hoac khéng thom chira N ¢6 tir 5 dén 10 canh, trong d6 c6 2 nguyén tir vong
gitta nguyén t N va X; di vong ndi trén tily y con bao gdm 1, 2, hodc 3 nguyén
tr khéc loai dugc chon tur: O, N va §; va X la nguyén tu cacbon;

hodc mot chat hdn bién, triét quang, hydrat, dung solvat hoac mudi dugc

dung cua ching.

2. Hop chét theo muc 1, trong dé:

(i) Q,R,UlaCH;zcé mat hodc Véng mat riéng 1é;

V 1a CH,, C=0, C=S hodc C=NR*

W la NR%;

Y 1a HCR*; va

Z 1a C=0, C=S hoic C=NR*; va/hoic

(i)  Q vaR ving mit;

U la CHz va c6 mat hoac Véng mat;

R! va R? dugc chon doc 14p tir nhom gém: -H va halo;

R? duge chon tir nhém goém: -H, -CN, va -B(OH)y;

R* duge chon tir nhém gdm: -H va -Cie-alkyl, trong d6 -Cis-alkyl duoc
thé tuy y bang tir | dén 3 nhém thé, dugc chon tir —OH.
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, (A
3. Hop chat theo muc 1 hodc 2, trong do: dugc chon tu

Vi )
o
nhém  goém H : , :
7
7 - R N
R < 5 .
NTRT SR
R H R H
va

, tuy v con bao gdbm 1 hodc 2 nguyén tir
khac loai duogc chon tu: O, N, va S.

4. Hop chét theo muc bat ky trong sb cac muc néu trén, trong do:
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5. Hop chat theo muc bét ky trong s6 cic muc néu trén, trong d6: RS
vaR%1a H;

8
R B.___A
NN
D E
R 1a \*‘;,trong do

D vang mat;

Ala O, S, CH> NH, NCHj3;

Aot

E la Cis-alkyl hodc ,trong dom la 1, 2, hoac 3;

y /
N i,N%

b

A va E cung nhau tao thanh 1 nhém duogc chon tu:

2 7N 3 » / <
— /N——é gw"\\ N% S /\N“-% : N \N—-—é

B 1a NR*C-alkyl ho#c di vong don hoic d6i thom ho#c khdong thom
chtra N ¢6 tir 5 dén 10 canh, t6t hon 14 con bao gém 1 hodc 2 nguyén tir khac
loai dugc chon tir: O, N va S, t5t hon 14 con bao gém 1 hodc 2 nguyén tir N, tdt
hon 14 trong d6 di vong chira N duoc thébang tir 1 dén 3 nhém thé, dugc chon

tlr nhém bao gém: Ci-alkyl, aryl, Ci.¢-aralkyl.

0. Hop chét theo muc bat ky trong s6 cac myc néu trén, trong dé:

(i)  divong chira N ¢6 trong B la di vong don thom hoac khong thom:
/X

%)

| 3

, trong dé
di vong nay tuy y con bao gdm 1 hodc 2 nguyén tir khac loai, dugc chon

tr O, Nva S, tuy y con chtra 1 N;
—§ duoc ge"m vao vi trf 1, 2, hodc 3, tét hon 1a vi trf 2; 11a 1 hodc 2;
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trong d6, tuy y di vong chira N duge thé bang Ci.e.alkyl va/hoic

(i)  di vong chira N ¢6 trong B duoc chon tir nhém bao gdm:

HOH O BOH RO
A RO e OH RO RO

"SI eTe 0

tuy y, trong d6 di vong c6 chira N duoc thé bang Ci.¢-alkyl;

gt

y con bao gém 1 hodc 2 nguyén tir khéc loai dugc chon tir O, N va S, tuy y con

b

b

trong d6, néu di vong chira N ¢6 trong B 13 , thi di vong tuy

bao gom 1 N, tlly ¥ bao gdm mét hodc nhidu chudi bén (vi du din xuét axit

amin);

—i duoc gén vao vi tri 1, 2, hoac 3, t6t hon 1a vitri 2; 0la 1 hodc 2,
, thi di vong

(Y
M
Yy Yy,
chtra N ¢6 trong B la: S o hodc o - t6t hon

1

tét hon 14, néu di vong chira N ¢6 trong B 13

A0
nita 13, néu di vong chtra N ¢6 trong B 1a =+ & thi di vong chira N ¢é

i—N@—} %—N@N—% |

trong B 1a hodc
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7. Hop chat theo muc bat ky trong sé cic muc néu trén, trong do:
Q, R, U Véng mat;

V 1a C=0;

W la NH;

Y la CHy;

7 1a C=0;

R! va R? dugc chon doc 1ap tir nhém gdm: -H va halo;

R? 1a -CN;

R3vaR®1a H;

8

~e
R’ 1a BT , trong d6

D vang mat;

Ala O, S, CH,, NH, NCHj3;

Aol

E 1a Cis-alkyl hoac , trong d6 m 1a 1, 2, hodc 3;

N\

hoic A va E cung nhau tao thanh nhém dugc chon tur: ,

P

H
. VAN . 3 - . /N
e FY %C — BN N
— | - , _/ :

H

> 5
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S\ '
N N N
B 1a NH-Cj-alkyl, 3 O_i - / -—§ i_N\__/N_§ hoic
e N A
; tuy y B dugc thé bang Ci3 alkyl; va la

8. Hop chét theo muc bét ky trong sb céc muc néu trén, trong dé Cj.¢-
alkyl dugc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl, butyl, sec-
butyl, tert-butyl, pentyl va hexyl, va/hoac

trong d6 Cis-aralkyl duoc chon tir nhém bao gdm: benzyl, phenyl-etyl,

phenyl-propyl, va phenyl-butyl.

9. Hop chét theo muc bét ky trong sb cdc muyc néu trén, trong d6 R? 1a
mot gbc phéng xa, trong dé gde phéng xa niy 1a mét dong vi huynh quang,
dong vi phéng xa, thude phéng xa hodc cac két hop cua chung, t6t hon 13, trong
d6 goc phong xa duoc chon tir nhém bao gdm: ddng vi phat xa birc xa alpha,
dong vi phét xa birc xa beta, dong vi phat xa birc xa gama, dong vi phat xa dién
tr Auger, dong vi phat xa tia X, ddng vi phat xa huynh quang, ching han nhu:
C', F'8, Cr!, Ga%, Ga®, In'!!, Tc?®™, Re'®, Re!®s, Lal®, La!*, Yb!5, Sm!S3,
Ho'66, Y38 Y, Pm!¥, Dy'65, Er'® Lu!”, Sc¥’, Pr'®2, Gd'¥, Bi2'2, Bi23, As™,
Se™, Ru”, Pd!%, Rh!%, Rh!0'm Sb!9, Bal?®, [, 1124 131 197 A2 Byls!,
Eu'3, Eu'®, TI20!, Pb23, Ph212, Cut, Cu®’, Re'®, Re'®S, Au'®, Ac?S, Th??7 va

Ag'’, tdt hon 1a F'3, Cu®, Ga®, Y*, Tc*™, Sm'®, Lu'7’, Re'%%,

10.  Hop chit theo muc bat ky trong s6 cac muc tir 1 dén 8, trong dé R®
12 mét thude nhudém huynh quang dugc chon tir nhém bao gém cac loai thudc
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nhuém huynh quang sau: Xanten, Acridin, Oxazin, Cynin, thudc nhuém Styryl,
Cumarin, Porphin, céc phtic chat phéi tir - kim loai, cac protein huynh quang,
tinh thé nano, Perylen, Bo-dipyrometen va Phtaloxyanin ciing nhu cac lién hop

va két hop cua céac loai thuéc nhudm nay.

11.  Hop chét theo muc bat ky trong s6 cac muc tir 1 dén 8, trong d6 R®
12 mot chét cang hoa tao thanh phuc chit vé6i céc cation kim loai hoat tri hai
hodc ba, t6t hon 1a trong d6 chét cang hod dugc chon tir nhém bao gdm: axit
1,4,7,10-tetraazaxyclododecan-N,N',N, N'-tetraaxetic (DOTA), axit
etylendiamintetraaxetic (EDTA), axit 1,4,7-triazaxyclononan-1,4,7-triaxetic
(NOTA), trietylentetramin (TETA), aaxit iminodiaxetic, axit dietylentriamin-
N,N,N',N',N"-pentaaxetic (DTPA), axit bis-(cacboxymetylimidazol)glyxin va
axit 6-Hydrazinopyridin-3-cacboxylic (HYNIC). |

12.  Hop chét theo muc bat ky trong s6 cac muc tir 1 dén 8, trong d6 R®
12 mot chét tuong phéan cé chira hodc bao gém mot chét thudn tir, tot hon 13,

trong do chét thuén tir bao gém hodc c6 chra cac hat nano thuéan tur.

13.  Duogc pham bao gdom hodc cé chira it nhit mét hop chit theo muc
bat ky trong sb cac muc tir 1 dén 12, va, tuy y mot chat mang va/hoidc ta dugc

duoc dung.

14.  Hop chit theo muc bat ky trong s6 cac muc tir 1 dén 12 hoic dugc
phém theo diém 13 dé su dung trong chin doéan hodc diéu tri bénh duoc dic
trung bai su biéu hién qua mirc clia protein kich hoat nguyén bao sgi (FAP) &
dong vat hodc nguoi, t6t hon 13 trong d6 bénh nay dugc dac trung boi su biéu
hién qua muc cua protein kich hoat nguyén bao soi (FAP) dugc chon tir nhém

bao gom: ung thu, viém man tinh, xo vita djng mach, u xo, tai tao mo va seo 16i
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do rdi loan protein, tot hon 13 trong d6 ung thu ndy duoc chon tir nhém bao
goém: ung thu v, ung thu tuyén tuy, ung thu rudt non, ung thu dai trang, ung
thu truc trang, ung thu phdi, ung thu dau va ¢, ung thu budng tring, ung thu
biéu mo té bao gan, ung thu thuc quan, ung thu ha hiu, ung thu vom hong, ung
thu thanh quan, t& bao u tiy, ung thu bong dai, ung thu biéu mé tidu quan mat,
ung thu biéu mé than té bao rd rang, khdi u than kinh, nhuyén xuong gay ung
thu, ung thu mé lién két, CUP (ung thu biéu mé khéng rd nguyén nhan), ung
thu biéu mé tuyén e, u than kinh dém, u t& bao hinh sao, ung thu biéu mé ¢ tir

cung va ung thu tuyén tién liét.

15. B kit bao gom hodc c¢6 chira hop chit theo muc bit ky trong s6
cac muc tir 1 dén 12 hodc dugce phim theo diém 13 va bd huéng dan cho chéin

doan va diéu tri bénh.
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Yéu cau bao ho

1. Hop chét c6 cong thac (1)

R3

Q U W Z
R@/ \.R/ ‘\V/ \Y/ \N 5
6 R
R 7 1

R R,
trong do:
Q,RvaU Véng mat;
V la C=0;
W la NH;
Y la CHy;
Z la C=0;
R! va R? duoc chon doc 14p tir nhém gom -H va F;
R? 1a -CN;
R’vaR®1a H;

8
R71a Doty trong d6
D ving mit;
Ala O, S, CHz, NH hodc NCHj3;
E la metyl, etyl, propyl hoac butyl; hodc

O

A va E cung nhau tao thanh mot nhém dugce chon tir : ,
H

) /.,.............\ ) ~ . ) /——-\
P S e N W
P N <N N— BN N

N N/ \___._/ §H , \ / g

> > >

B 14 di vong chira N dugc chon tir nhém bao gom:
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O BOH BOA RO ROH
et POH WO HCOH ROH

O—x W RO, (%
At

thi di vong nay tuy y con bao gém 1 hoac 2 nguyén tur khac loai dugc chon tir

3>

5

trong d6 néu di

vong chira N la ,
O,NvaS, vaolalhodc 2, thy y trong d6 di vong chira N nay dugc thé bang tir
1 dén 3 nhom thé dugc chon tir nhém bao gom Ci¢-alkyl, aryl, Cis-aralkyl;

R® duoc chon tir nhom bao gém gdc phéng xa, chat cang hoa, thudc nhudom
huynh quang, chét trong phan va cac két hop ciia chung;

va

2. Hop chat theo diém 1, trong d6:

(B iy,
di vong chira N ¢6 trong B la: = hodc :
PO R

t6t hon 13, di vong chira N ¢6 trong B 13 hodc

3. Hop chét theo diém 1, trong do:
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B la E—NO—‘, i—N\/:\/N_%, i_NCN_E hoécg_N®N—% .

4. Hop chét theo diém bat ky trong s6 cac diém néu trén, trong d6 Cie-alkyl
duogc chon tir nhém bao gdm: metyl, etyl, propyl, i-propyl, butyl, sec-butyl, tert-
butyl, pentyl va hexyl, va/hodc

trong d6 C.¢-aralkyl dugc chon tir nhém bao gdm: benzyl, phenyl-etyl, phenyl-
propyl, va phenyl-butyl.

5. Hop chat theo diém 1 hoic 4, trong d6

6. Hop chat theo diém bat ky trong s cac diém tir 1 dén 5, trong d6
E la C;He.

7. Hop chét theo diém bat ky trong s6 céc diém tir 1 dén 6, trong d6

A 1a O hoac NCH;.

8. Hop chét theo diém bat ky trong s6 céc diém tir 1 dén 7, trong d6

T "N COLH yx
HO,C” N L N X
{ | © HO,C™ "N~ >N
N e S B o N \J/
J .
R81a HOL hoic CO.H

9. Hop chét theo diém bét ky trong sb cac diém tir 1 dén 7, trong d6
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N N ;
0 3
HN)\ N/\n}z‘i/co:ﬂ CO:H
N 0
HOSC |
N\ N

HOAC COLH

R®1a

10. Hop chét theo diém bét ky trong sb cac diém tir 1 dén 9, trong d6
A 1a O hoac NCHj3

E la C3Hs; va

HO,C™ >
[ 0 H 0 CN
N/\/N\)J\N/\ Ve o) N\)]\N H
|
COH K/N\/\/N X
N

137/216

12. Hop chét theo diém 11, trong d6 hop chét nay duoc danh diu phéng xa véi

%8Ga hoac Y.

13. Hop chét theo diém 11, trong d6 hop chat nay dugc dénh diu phéng xa véi

68(}a
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14. Hop chét theo diém 10, trong d6 hop chét nay c6 cu truc sau
HO,C.

N 0 4 9 oN
COH K/N\/\/O XN
7

N

15. Hop chiét theo diém 14, trong d6 hop chét nay dugce danh dau phong xa véi

I8F, 4Cu, hoic *®Ga.

16. Hop chat theo diém 14, trong d6 hop chit nay dugc danh du phong xa véi
18F.

17. Hop chét theo diém 10, trong d6 hop chét nay c6 cAu tric sau:

HO,C
CO,H

= 9§ CO,H

N N\)J\ 2 H @ ©ON

0 NIYCOQH
Ho o CO1

18. Hop chét theo diém 17, trong d6 hop chét nay duoc danh déu phéng xa véi

99mTC

19. Hop chat theo diém bét ky trong sb cac diém néu trén, trong d6 R® 1a gbc

phéng xa, trong d6 gbc phong xa 1a dong vi huynh quang, ddng vi phéng xa,
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thuc phéng xa hodc cac két hop cta chung, t6t hon 14 trong d6 gbc phong xa
nay dugc chon tir nhdm bao gém déng vi phat xa burc xa alpha, déng vi phat xa
birc xa beta, dong vi phat xa birc xa gama, dong vi phét xa dién tir Auger, ddng
- vi phat xa tia X, ddng vi phat xa huynh quang, ching han nhu C", F'8, A[F'8,
Cr'', Ga®, Ga®®, In""!, Te®™ Re'$6, Re'sS, La'*, La'®®, Yb'™, Sm!S?, Ho'66, Y88,
Y9, Pm'?, 16Dy, 9By, 7Ly, ¥S¢, Pr'2, Gd', B22, Bi23, As™, Se’, Ru”,
Pd'%, Rh'%, RR1OIm SH119, Bal28, 1123 1124 1131 Hg!¥, A2l Eu'S', Eu', Eu'®,
TI201, Pb203, P22, Cu®, Cu’, Re'®, Re'$6, Aul®, Ac??S, Th?? va Ag!®.

20. Hop chét theo diém bét ky trong sé cac diém tir 1 dén 18, trong d6 R® 1a
thuéc nhuém huynh quang duge chon tir nhém bao gém céc loai thuéc nhudém
huynh quang sau: Xanten, Acridin, Oxazin, Cynin, thubc nhuém Styryl,
Cumarin, Porphin, cac phtic chit phdi tir - kim loai, cac protein huynh quang,
tinh thé nano, Perylen, Bo-dipyrometen va Phtaloxyanin ciing nhu céc lién hop

va ket hop cua céac loai thuoc nhudém nay.

21. Hop chét theo diém bét ky trong s6 cac diém tir 1 dén 18, trong d6 R 1a chét
cang hoa tao thanh phurc chét véi céc cation kim loai hod tri hai hodc ba, tot hon
la trong dé chét cang hoa nay dugc chon tir nhom bao gém: axit 1,4,7,10-
tetraazaxyclododecan-N,N',N, N'-tetraaxetic (DOTA), axit
etylendiamintetraaxetic (EDTA), axit 1,4,7-triazaxyclononan-1,4,7-triaxetic
(NOTA), trietylentetramin (TETA), axit iminodiaxetic, axit dietylentriamin-
N,N,N',N',N"-pentaaxetic (DTPA), axit bis-(cacboxymetylimidazol)glyxin va
axit 6-Hydrazinopyridin-3-cacboxylic (HYNIC).

22. Hop chét theo diém bt ky trong s6 cac diém tir 1 dén 18, trong d6 R® 1a chat

twong phan c6 chira hoic bao gdbm chét thuan tir, tot hon 13, trong d6 chat thuan

tir bao gom hodc c6 chira cac hat nano thuén tu.
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23. Dugc phdm bao gdm hodc c6 chira it nhit mot hop chét theo diém bat ky

trong s6 cac diém tir 1 dén 22, va, tuy y chét mang va/hodc ta dugc dugce dung.

24. Dugc phim theo diém 23, trong d6 dwoc pham nay bao gdm hop chét theo
diém 13.

25. Dugc pham theo diém 23, trong dé dugc pham nay bao gém hop chét theo
diém 16.

26. Bo kit bao gdm hodc chtra hop chit theo diém bét ky trong s cac diém tir 1
dén 8 hoac dugc phim theo diém 9 va bd hudng dan cho viée chan doéan hodc
diéu tri bénh.

- 27. Bo kit theo diém 26, trong d6 bo kit nay bao gdém hop chét theo diém 11

hoac 13 hoac duogc phém theo diém 24.

28. Bo kit theo diém 26, trong dé bd kit nay bao gdém hop chit theo diém 14

hoac 16 hoac dugc phém theo diém 25.
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Tuyén thwgng thin 1,23E-02
Nio 9,54E-03
Tuyén vii 9,S8E-03
Thanh tii mat 1,19E-02
Thanh LLI 1,23E-02
Rudtnon 1,19E-02
Thanh dg day 1,13E-02
Thanh ULI 1,17E-02
Thanh tim 4,73E-02
Thén 4,45E-02
Gan 1,51E-02
Phbi 1,09E-02
Co 1,04 E-02
Buong trimg 1,24E-02
Tuyén tuy 1.23E-02
Tiy dé 3,28E-02
Té bao xwong 2,94E-02
Da 9,01 E-03
Lich 2,62E-02
Tinh hean 1,04E-02
Tuyén e 1,15E-02
Tuyén gidp ) 1,03E-02
Thanh bang quang tiét niéu  8,89E-02
Ti& cung 1,33E-02
Téag co thé 1,19E-02
Liéu hiéu qui

(mSv/IMBq) 1.80E-02

FAPI-4
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1,30E-02
1,09E-02

1,64E-02
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