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(57) Sang ché& dé cap dén hop chit cé cong thiic chung:

- trong dé:

R 12 hydro hodc triti;

F 14 flo hoac "*flo;

hodac mudi cong axit duoc dung.

Hop chat c6 cong thic I bao gom 2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-
b;3',4'-d]pyrol,’H-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol va
[18F]-2- (6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol.

Hop chit néu trén c6 thé dugc sir dung dé gén két va chup hinh céc két tu
tau va cac két tu dang tdm beta c6 lién quan bao gom, ngoai cic két tu khac, két

tu beta- amyloit hoac két tu alpha-synuclein.
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Linh vwe k§ thuit dwgc dé cap

Séang ché @& cap dén hop chit c6 cong thirc chung:

trong do:

R 12 hydro hodc triti; va

F 1a flo hodc 18ﬂo;

hoc mudi cong axit duge dung.

Hop chit c¢6 cong thic I bao gdm 2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-
b;3',4'-d]pyrol, *H-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3",4'-d]pyrol va [18F]-2-
(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d|pyrol.

Tinh trang ky thuit cia sing ché

Céc hop chét c6 cong thirc cAu tao chung twong tw di duoc mé ta trong tai lidu
W02009/102498 ding dé chup hinh in vivo céc chét ling dong amyloit @& chdn dodn
bénh Alzheimer. Tuy nhién, tai liéu nay khong mé ta cu thé hop chét vong ba vong cO

3 nguyén tr N.

- Tai lidu US2011/0182812 md ta hop chit indol-5-yl-quinolin c6 kha ning gin

két v&i cac protein tau va cac peptit beta-amyloit.

D3 biét ring, cac hop chét ndy ¢ thé duge sir dung dé gén két va chup hinh
céc két tu tau va cac két tu dang tAm beta c6 lién quan bao gdm, ngoai cac két tu khac
dang beta-amyloit hodc két tu alpha-synuclein, dac biét 1a dugc st dung dé gén két va

chup hinh céc két tu tau & cac bénh nhan méc bénh Alzheimer.
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Bénh Alzheimer (AD) 1a mét dang r6i loan thoai héa than kinh tién trién dic
trung boi chimg suy giam nhén thirc, mat tri nhd vinh vién, mét phwong huéng va suy
giam kha nang sir dung ngdén nglt (Arch. Neurol. 1985, 42(11), 1097-1105). Nghién
ctru trén khu vuc 14t ct ndo bi chét & ngudi mic AD phat hién thdy ¢é cac mang ldo
suy (senile plaque-SP) du thira, gdm c6 peptit beta-amyloit (AP), va nhiéu dam réi soi
than kinh (neurofibrillary tangle-NFT) dugc tao ra tir cic soi protein tau dugc sidu

phosphoryl hoa.

Tau thudc ho protein lién quan dén ciu tric vi éng va chu yéu duge biéu hién
trong cc noron noi ma né déng vai trd quan trong trong lap rap cdc monome tubulin
thanh céu tric vi ng dé tao nén mang ludi cdu tric vi dng than kinh duéi dang céc
dudng dé véan chuyén soi truc (Brain Res. Rev. 2000, 33(1), 95-130). Tau duge dich
mi tir don gen nim trén nhiém sic thé 17 va mic biéu hién dugc didu hoa ting bing
co ché ghép thay thé tao ra sau dang ddng chirc ning khic nhau trong ndo nguoi
trudng thanh ma c6 thé phan biét duge nho sé lugng mién gin két ctia chung. Cac co
ché chii yéu din dén qua trinh siéu phosphoryl héa tau, gip nép sai va két tu chua
dugc biét 13, nhung qua trinh ling dong cac két tu tau thi tuin theo con dudng khong
gian-thoi gian ¢ bai ban & ca cip d6 nodi bio ciing nhu & cdp d6 dinh khu néo.

Phét hién gan ddy vé cac dot bién gen tau gy ra bénh sa st tri tué tran-thai
duong (frontotemporal dementia-FTD) véi hoi ching 1i€t rung Parkinson lién quan
dén nhiém sic thé 17 da ciing cb thém vai trd ndi bat dwgc cho ciia tau trong qué trinh
phat sinh céc rbi loan thoai hoa thin kinh va nhdn manh thuc té 13 cac tip hop khac
nhau ctia céc dang dong chiic ning tau duogc bidu hién trong céc quin thé noron khac
nhau c6 thé gay ra cac bénh Iy khac nhau (Biochim. Biophys. Acta 2005, 1739(2) 240-
250). Céc bénh thoai hoa than kinh dac trung boi sy tich tu tau bénh ly dugce goi la
‘bénh do protein tau’ (Ann. Rev. Neurosci. 2001, 24, 1121-1159). Ngoai AD va FTD,
cac bénh do protein tau khic bao gdm bénh liét trén nhan tién trién (progressive
supranuclear palsy-PSP), chimg sa st tri tué dic trung boi nhiu d4m rdi soi thin kinh,
bénh Pick, bénh suy thoai thuy tran-thai duong (frontotemporal lobar degeneration-
FTLD), hoi ching Down va céac bénh khéc.

MOoi twong quan tryc ti€p gifta cac vung vo ndo voi su gia ting mirc d6 tram

trong cua chung sa sut tri tu¢ da dugce biét dén, didu nay goi y ring cac két tu tau sinh
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bénh nhu NFT 13 chi thi ddng tin cdy cho quy trinh thoai héa than kinh. Mt do rdi
loan NFT trong AD dugc xac dinh béng cac giai doan Braak (Acta Neuropathol. 1991,
82, 239-259). Giai doan Braak I va II dugc xac dinh khi han ché rdi loan NFT chu yéu
dén ving lién thiy tran thai duong ciia ndo, giai doan III va IV dugc chin doan khi
lién quan d&n céc ving ria nhu ving hai mé, va giai doan V va VI khi phat hién thiy

roi loan vo ndo mo rdng.

Hién nay, chi c6 thé phét hién cac két tu tau nho phén tich m6 hoc cac nguyén
ligu sinh thiét hodc md tir thi. Viéc chup hinh in vivo bénh do tau dem lai nhan thirc
méi vé su ling dong ciia cac két tu tau trong nfio ngudi va cho phép x4c dinh khong
x4m 14n mirc 6 bénh do tau gdy ra, dinh lugng cac thay dbi vé su léng dong tau theo
thoi gian, danh gia mbi twong quan ctia né véi viée nhan thirc va phén tich d¢ higu luc
ctia liéu phap khéng tau. Cac phéi tir c6 thé ding dé phat hién cac két tu tau trong nio
song phai di qua hang rao méau nfo va cé 4i lyc va tinh dic hiéu cao dbi véi cac két tu
tau. Cubi ciing, céc chit phong xa dénh ddu ding dé chup hinh thin kinh thanh cong
phai c6 tinh wa m& thich hgp (logD 1-3) va trong luong phan tir thip (<450), c6 su
thanh thai nhanh khéi mau va tinh gin két khong dic hiéu thip.

Ban chit k§ thuit caa sang ché

Muc dich ctia sang ché 14 tim ra cng cu chup hinh d& cai thién viéc chin doén
béng cach nhan biét cac bénh nhan tiém 4n ¢ lugng két tu tau trong ndo du thira ma
chéc chén phat trién bénh Alzheimer. Cong cu ndy ciing hitu ich d& theo dbi su tién
trién cta bénh. Khi duge chat khéng két tu tau tré nén sin co thi viéc chyp hinh céc

dam roi tau trong nédo co6 the tao ra mot cong cu co ban de theo ddi qua trinh diéu tri.

Muc dich khac clia sang ché 13 mé ti phuong phép chup hinh cic chét ling
dong két tu tau, bao gbm:

- dua lugng ché phém c6 thé phat hién dugc vao dong vat c6 va

- @ hop chat c6 cong thirc I c6 du thoi gian két hop véi cac chét ling dong

két tu tau, va
- phét hién hop chét két hop v6i mot hodc nhiéu chét ling dong két tu tau.

Muc dich khéc ctia sang ché 1a d& xuét duoc phim, chira hop chét ¢6 cong thirc

I va chét mang dugc dung, cd thé dugce sit dung d€ nhéan biét cac bénh nhén tiém an.
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Mo ta van tat cac hinh vé

Fig. A: Phong xa dd tu ghi cua 3H-2-(6-flo-pyridin—3-yl)-9H-dipy1rido[2,3-

b;3",4"-d]pyrol dugc @ vé6i 4t cat vo ndo cia ngudi ¢6 ngudn gbe tir bénh nhan mic AD

¢ giai doan Braak V.

Fig. B: Chup hinh phéng xa tu dong in vitro bing céach sir dung céc lat cét néo
méc bénh Alzheimer (AD) & nguoi

M5 ta chi tiét sang ché
Céc dinh nghia vé cac thuat ngit chung sau duoc sir dung trong phin mé ta s&

duoc ap dung bt ké thuat ngit dang nhic dén xuit hién mét minh hay & dang két hop.

Nhu duge st dyng trong badn md ta, thuit ngit "alkyl thdp" chi nhém
hydrocarbon no, tirc 1 nhém hydrocarbon béo bao gdm mach cacbon thing hoic phan
nhanh c¢6 1 dén 7 nguyén tir cacbon. Céac vi du vé “alky]” 1a metyl, etyl, n-propyl, va
isopropyl.

*H chi nguyén tir triti.
F chi nguyén tir flo hodc nguyén tir Bflo.

Thuat ngit “nhém roi chuyén” chi halogen hodc sulfonat. Cac vi du vé sulfonat

1a tosylat, mesylat, triflat, nosylat hodc brosylat.

Thuat ngit "mudi dugc dung" hodc “mudi cdng axit dugc dung” bao gom cac
muoi vai cac axit v co va axit hitu co, nhu axit clohydric, axit nitric, axit sulfuric, axit
phosphoric, axit xitric, axit formic, axit fumaric, axit maleic, axit axetic, axit suxinic,

axit tartric, axit metan-sulfonic, axit p-toluensulfonic va céc axit tuong tu.

D3 phat hién dugc riang hop chét ¢ cong thire I ¢6 thé duge st dung dé gin két
va chuyp hinh céc két tu tau va cac két tu dang tAm beta c6 lién quan bao gém, ngoai

cac két tu khéc, cac két tu beta-amyloit hodc cac két tu alpha-synuclein.

Theo mét phuong an, séng ché d cap dén hop chét c6 cong thirc I, trong d6
hop chét nay la 2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3",4'-d]pyrol, *H-2-(6-flo-
pyridin-3-yl)-9H-dipyrido[2,3-b;3',4-d]pyrol ~ va  [18F]-2-(6-flo-pyridin-3-yl)-9H-
dipyrido [2,3-b;3',4'-d]pyrol.
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Theo mdt phuong 4n, sang ché dé cap dén cac hop chét c6 cong thic 1 khac,
trong d6 R 1a hydro, hop chét nay la 2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-
d]pyrol.

Theo mdt phuong an khac, sang ché dé xuét hop chét ¢6 cong thure I, trong d6 R
1a triti, vi du, hop chét sau 3H—2-(6-ﬂo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4’-d]pyrol.

Theo mdt phuong an khac, sang ché dé xuit hop chét ¢6 cong thic I, trong d6 F
12 "*flo, vi du, [18F]-2-(6-flo-pyridin-3-y1)-9H-dipyrido[2,3-b;3',4'-d]pyrol.

Vi tri cho R trong cong thirc I, néuR 1a triti, 1a vi tri chic chin nhit. Nhung triti
cling cé thé duoc tim théy v6i luong nho trong céc vi tri khac cha phén tir. Thong
thudng, chi mot trong s6 R 14 triti.

Hop chét c6 cong thirc I c6 thé dugc str dung dé gin két va chup hinh céc két tu
tau, két tu beta-amyloit, két tu alpha-synuclein hodc két tu huntingtin.

Hop chit c6 cong thire I duge wu tién ¢ sir dung d& gén két va chup hinh két tu
tau & cdc bénh nhin mic bénh Alzheimer.

Ngoai ra, hop chét cé cong thirc I cé thé dugc s dung trong nghién ciru gén két
tau.

Hop chit ¢6 cong thure I thich hop dé chup hinh chan doéan céc két tu tau trong
ndo cua dong vat cé vu.

Hop chit cé cong thic I:

R

= T ONF
N\ _/
\ N N
R

N

|

Z =N
H

I

va cac muodi duge dung ctia nd c6 the duge dieu ché bang cac quy trinh dugec md ta

duéi day, trong d6 quy trinh nay bao gém budc:

a) két hop hop chét c6 cong thire 2 (X = Cl, Br):

N—
el
”NX

2
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v6i axit boric hodc este cta axit boric thich hop cé cong thurc 3:

(l)R' R
NS

R N F 3,
trong d6 R’ 1a hydro hoic alkyl thép,
dé tao ra hop chét c6 cong thirc I:

R
= =
NN N
I Z N R
H I

trong d6 R 1a hydro,

va, néu mudn, chuyén héa hop chit thu dugc thanh mudi cdng axit duoc dung hodc
thanh hop chét ¢6 cong thirc I, trong d6 R 1a triti

hoac

b) két hop hop chét c6 cong thirc 4:

X 4 (X = Br, C1, NO,)

v6i cac chét phan tmg flo héa thich hop dwoc chon tir kali florua hodc tetrabutylamoni

florua,

dé tao ra hop chét c6 cong thirc I:

trong d6 phén tir thé R 12 hydro

va, néu mudn, chuyén héa hop chét thu dugc thanh mudi cdng axit duoc dung hodc

thanh hop chét ¢6 cong thic I, trong d6 R 1a triti
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¢) cho hop chét ¢ cong thirc I:

R
=\__ ([ »F
p
\,j\N
R

N
H

N
|~
I

trong d6 R 1a hydro, phan ing v6i khi triti véi sy ¢6 mét ctia chét xtc tac, vi du, iridi,
ruteni, rodi hodac paladi chira cac phuc chét trong dung moi thich hop, vi dy,
diclometan, clobenzen, DMF, DMSO hoic cic hdn hop clia ching dé tao ra hop chét

c6 cong thue I:

R
=\__(  )—F
NS N«
l = N R
H I
trong d6 R 1a triti, va, néu mudn, chuyén héa cac hop chét thu dugc thanh mubi cdng

axit dugc dung, hodc

d) hoa tan hop chat c6 cong thirc:

trong dimetylsulfoxit va nghién bing séng 4m trudc khi két thiic qua trinh bin pha

bang nude ion [18]florua dé tao ra hop chat c6 cong thirc:

va, néu mudn, chuyén héa céc hop chét thu dugc thanh cac mudi cdng axit dugc dung.
Céc so d6 1-2 sau md ta chi tiét hon cac quy trinh diéu ché hop chét c6 cong
thirc I. Cac nguyén liéu ban ddu 14 c4c hop chét da biét hodc c6 thé duge didu ché theo

c4c phuong phap da biét trong linh vuc ndy.
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Viée diéu ché hop chét ¢ cong thirc I theo sdng ché c6 thé duge tién hanh theo
phuong phép téng hop tudn tur hodc déng thoi. Cac k§ ning cin dé tién hanh cac phan
ting va tinh ché cac san pham thu dugc 1a da biét d6i véi ngudi c6 hidu biét trung binh
vé linh vuc nay. Cac phén tir thé va céc chi sb duoc sir dung trong phan mé t& céac quy

trinh sau c6 y nghia néu trong ban mo6 ta & trén trir khi ¢6 quy dinh khéc.

Cu thé hon 13, cac hop chit c6 cong thirc I ¢ thé duwoc didu ché bing cac
phuong phép néu duéi ddy, bing cac phuong phap néu trong cac vi du hodc bing céc
phwong phap tuong tu. Céc didu kién phan tmg thich hop cho céc budc phan Gng riéng
r& 14 da biét ddi véi ngudi c6 hidu biét trung binh vé linh vuc nay. Trinh ty phan tng
khéng chi giéi han & trinh ty dugc thé hién trong cac so db 1-2, tuy nhién, phu thude
vao cic nguyén lidu ban diu va kha niang phan tng tuong ung cua chung, trinh ty cac
budc phan ting c6 thé thay dbi tu do. Cac nguyén liéu ban diu c6 thé mua duogce trén thi
truong hodc c¢6 thé dugce didu ché bang cac phuong phap tuong tu véi cac phuong
phap néu dudi ddy, bang cic phwong phép dwoc mé ta trong tai liéu tham khao trich
dan trong ban md ta hoic trong cac vi du, hoic bing cic phuong phap da bit trong

linh vuc nay.
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So d6 1
N OR' N
] OR BN ~
X~ t LTS = |
cl X
pa-NH pa- N SN
S 7

Theo so db 1, hop chét ¢6 cong thic I, trong d6 R 13 hydro, ¢6 thé duogc didu
ché bat dau tir 4-amino-pyridin dugc bao v€ 5 (X = Cl, Br) va axit boric caa 2,6-di-
pyridin duogc halogen héa 6 (R’ = H, alkyl thip). Céc diéu kién két hop chéo duge xuc
tac boi kim loai chuyén tiép bing cach st dung hé chét xuc tac chéng han nhu
Pd(OAc), va PPh; va bazo ching han nhu trietylamin trong dung méi thich hop nhu
DMF thu duge bipyridin 7. Viéc loai nhém bao vé va déng vong ndi phan tir c6 thé
duoc thuc hién 13 quy trinh mét budc bing cach sir dung bazo ching han nhu kali
cacbonat va chét hoat héa ching han nhu 18-crown-6 trong dung moi thich hgp nhu
DMF va thu dugc hop chit trung gian 1,6-diazacarbazol 2. Viéc chuyén ddi cubi cung
thanh hop chét c6 cong thic I ¢6 thé duge hoan thanh bing phan tmg két hop chéo
duoc xuc tac boi kim loai chuyén tiép truc tiép bing céach sir dung céc axit pyridin
boric thich hop 3, chét xtic téc ching han nhu Pd(dppf)Cl, va bazo ching han nhu kali
cacbonat trong dung mdi thich hop nhu DMF. Theo mot cach khac, 1,6-diazacarbazol
2 trudc tién duge chuyén héa thanh hop chit trung gian dugc bao vé 8 théng qua phéan

g véi chit phan tmg thich hop, vi dy, di-tert-butyldicacbonat, trong dung méi thich

-10-
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hop ching han nhu DMF, sau d6 1 phan tung két hop chéo duge xuc téc béi kim loai
chuyén tiép d tao ra hop chét trung gian 9 bing céch sir dung axit pyridin boric thich
hop 3, chat xtc tic ching han nhu Pd(dppf)Cl, va bazo ching han nhu kali cacbonat
trong dung moi nhu DMF. Viéc loai nhdm bdo vé€ sau d9 tao ra dugce hop chét ¢ cdng

thic L.

So dd 2

Theo so db 2, hgp chét c6 cong thirc I, trong d6 R 1a hydro, ¢6 thé duoc didu
ché bang cach xtr ly hop chéit c6 cong thirc 4 (X = Br, Cl, nitro); duoc didu ché theo
quy trinh téng hop hop chit c6 cong thirc I duge mé ta trong so dd 1, véi chét phan
tmg flo héa thich hop chéng han nhu kali florua hodc tetrabutylamoni florua trong
dung mbi thich hop ching han nhu DMF hoic DMSO.

Hop chit c6 cong thirc I véi R 14 triti hodc F 1a *F:

¢6 thé dugc didu ché theo cach thong thudng nhu duge mé ta trong cac vi du cu thé.

Hop chét c¢6 cong thirc I khong ddng thoi chira triti va '°F.
Phén lap va tinh ché hop chit

Qué trinh phan 14p va tinh ché cac hop chit va hop chit trung gian duge md ta
O day co thé duoc tién hanh, néu mudn, bang quy trinh tach hogc tinh ché thich hop
bat ky nhw, vi du, loc, chiét, két tinh, sic ky cot, sic ky 16p mong, sic ky 16p day, séc
ky 1ng cao 4p hoic thip ap diéu ché hoic sw két hop cua cac quy trinh nay. Cac minh
hoa cu thé vé quy trinh tadch va phéan lap thich hop cd thé duoc tim théy béng cach

tham khao céc quy trinh didu ché va vi du ndu dudi ddy. Tuy nhién, céc quy trinh tach

-11-
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va phan lap tuong dwong khic, tit nhién, ciing ¢6 thé duge st dung. Céc hdn hop triét
quang cua hop chét khéng dbi xtmg c6 cong thire I c¢6 thé duge tach bing cach sir dung
HPLC khéng d6i xing.

Mubi ctia hop chét c6 cong thic I

Hop chét ¢6 cong thirc I 13 bazo va c¢é thé dwoc chuyén héa thanh mubi cong
axit twong ung. Qua trinh chuyén héa nay dugc hoan thanh bing cach xir Iy bang it
nhit mot luong ty luong ciia axit thich hgp, nhw axit clohydric, axit bromhydric, axit
sulfuric, axit nitric, axit phosphoric va cac axit tuong tu, va céc axit hitu co nhu axit
axetic, axit propionic, axit glycolic, axit pyruvic, axit oxalic, axit malic, axit malonic,
axit suxinic, axit maleic, axit fumaric, axit tartric, axit xitric, axit benzoic, axit
xinnamic, axit mandelic, axit metansulfonic, axit etansulfonic, axit p-toluensulfonic,
axit salixylic va axit tuong tu. Cu thé 13, bazo tu do dugc hoa tan trong dung mdi hitu
co khong phan tmg nhu dietyl ete, etyl axetat, clorofom, etanol hodc metanol va dung
mdi tuong tu, va axit néu trén dugce bd sung trong dung mdi tuong tu. Nhiét d6 duoc
duy tri nim trong khoang tir 0°C dén 50°C. Mubi thu dwoc két tha tu nhién hoic c6 thé

duoc két tha bing cach bb sung dung mai it phan cuc hon.

Céac mudi cong axit cia hop chét bazo ¢6 cong thic I c6 thé duogce chuyén héa
thanh bazo tu do twong mg bang cach xir Iy véi it nhat mdt dwong luong ty lugng cia
bazo thich hgp nhu natri hodc kali hydroxit, kali cacbonat, natri bicacbonat, amoniac,

va bazo tuong tu.
Hop chét duoc nghién ciru theo thir nghiém dugc néu sau déy.
Thir nghiém thay thé phdi tir phéng xa tau in vitro

Thir nghiém gén két in vitro nay ding dé danh gia 4i luc cia hop chét ddi véi
céc két tu tau ty nhién. Hop chét duoc @ ddng thdi v6i phdi tir phéng xa dic hiu cua
tau da biét ro PH]T808 va kha ning thay thé [PH]T808 cua hop chit dugc xac dinh
bang k¥ thuat chup hinh phéng xa tu dong in vitro bang cach sir dung cic 14t cit ndo
mic bénh Alzheimer (AD) & ngudi (xem Fig. B).

Nguyén liéu

Nio ngudi méc AD dugc mua ctia Banner Sun Health Research Institute (Sun

City, AZ, USA). Qua trinh chdn doan bénh 1y AD duoc thuc hién theo tiéu chi NIA-
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Reagan Institute chudn duva trén dit 1idu v& bénh than kinh. Phéi tir phéng xa [PH]T808
duoc tdng hop trong nha ([3H]-2-[4-(2-ﬂo-ety1)-piperidin-1-yl]-
benzo[4,5]imidazo[1,2-a]pyrimidin, d6 tinh khiét phéng xa héa hoc 1a 99,0%). T808
lanh, dudi dang chdt chudn dugc st dung 1a (2-[4-(2-flo-etyl)-piperidin-1-yl]-
benzo[4,5]imidazo[1,2-a]pyrimidin). pé chup hinh phdéng xa tu ddng, cac dia chyp
hinh FujiFilm (BAS-IP TR 2025) dugc cho tiép xic vé6i cac 1at cit ndo néu trén va
duge doc bing may doc FujiFilm IP (BAS-5000).

Phuong phép

Céc 14t cit ndo mic AD ciia nguoi c¢6 d6 day mudi pm dugc tao ra bing may
diéu lanh (Leica CM3050) & nhiét d6 budng -17°C va nhiét d6 vat -15°C. Céc lat cét
nidy dugc chuyén 1én céc vat kinh hién vi Histobond+ (Marienfeld Laboratory
Glasware). Sau khi 1am khé trong 3 gid & nhiét d6 trong phong, cac 1at cét nay duoc
bao quan & nhiét d -20°C. Cac 1t cat ndy dugc 1 voi phdi tir phong xa (10nM) va hop
chét lanh twong tmg (& cac ndéng d khac nhau) trong 50mM dung dich dém Tris, do
pH = 7,4 & nhiét d6 trong phong trong thoi gian 30 phit. Sau khi rira 3 14n trong thoi
gian 10 phut & nhiét do 4°C trong 50mM dung dich dém Tris, 40 pH = 7,4 va 3 14n
nhung nhanh trong nudc cAt & nhiét do 4°C, céc lat cét nay dugc lam khé & nhiét do
4°C trong thoi gian 3 gid. Cac lat cit nay duoc dit trong hop chira FujiFilm (BAS
2025), cho tiép xuc véi dia chup hinh trong ndm ngay va sau d6 dugc quét & d6 phan
giai 25uM/diém anh.

Phan tich di liéu

Cuong d96 tin hiéu (Dens - PSL/mm?2) trong ving quan tdm (ROI) cua phdng xa
dd tu ghi dugc dinh luong bang phdn mém phan tich MCID (phién ban 7.0, Imaging
Research Inc.). Su gén két ddc hiéu (SB) ctia [3 H]T808 khi khong c6 hodc c6 hop chit
duoc tinh bang céch trir tin hiéu gin két khéng dic hiéu trong mu tring, nhd d6 thu
dugc SBumgt minh [3H]T808 VA SBhop chir. Yo thay thé theo cac hop chit khac nhau duoc tinh

nhu sau:
% thay thé =100-(SBhp chit/SBmot minh 3ryrsos)™ 100.

Dt liéu hop 1€
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Trong mdi thir nghiém, T808 lanh dugc sir dung dé lam chét chun ndi duong.
Viéc 1 déng thoi céc lugng déng mol cua T808 néng va T808 lanh dugc mong doi 1a
1am giam mirc d6 gén két dac hidu khoang 50%.
Tai liéu tham khao
~ AK. Szardenings et al. ‘Imaging agents for detecting neurological disorders’.

Don patent My $6US20110182812

W. Zhang et al., ‘A highly selective and specific PET tracer for imaging. of tau
pathologies’. Journal of Alzheimer’s Disease 31 (2012) 601-612.

Bang 1
CAu tric Tén hop chit % thay thé Vidu
[PH]T808 (10nM)
__ =\_: 2-(6-flo-pyridin-3-y1)-9H- 43 1
/
N : N7 N dipyrido[2,3-b;3',4'-d]pyrol
N
*H-2-(6-flo-pyridin-3-y1)- 2
— - F = H : K4
N ’\1 \ '\1 9H-dipyrido[2,3-b;3",4
L 3 d]pyrol
H
18F]-2-(6-flo-pyridin-3- 3
NN, | [18F12-(6-fo-pyridin
N =N = y1)-9H-dipyrido[2,3-
X
ﬁ b;3',4'-d]pyrol
Fig. A:

Phéng xa dd tu ghi cua 3 H-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-
d]pyrol duoc 1 véi 14t cét vo ndo ctia ngudi c6 ngudn gde tir bénh nhan méc AD & giai
doan Braak V. Ndng d6 phdi tir phong xa 1a 3,2nM. Phéi tir phong xa nay thé hién hién
tuong nhudm ddm cac két tu tau trong mé hinh phan phéi theo 16p.
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Hop chét ¢ cong thuc I va cac mudi duge dung ctia n6 cd thé duoc st dung &
dang ché phdm duoc. Cac ché phdm dugc nay c6 thé duoc sir dung & dang cac dung
dich tiém.

| Hop chat ¢ cong thic I va cac mudi duge dung ctia né cé thé duge xu ly
BANG chét mang dugc ly khong phan tng, v6 co hoic hitu co dé san xuit ché phim
duge. Cac chit mang thich hop d pha ché dung dich va sird 13, vi du, nudc, rugu
polyhydric, sucroza, dudng khi, glucoza va chit mang twong tu. Cac chét bd trg, nhu
ruou, ruou polyhydric, glyxerol, diu thuc vat va chét twong tu, c6 thé duoc sir dung
cho dung dich tiém chira nudc chita cac mudi hoa tan trong nude ctia hop chét ¢ cong
thirc I, nhung thuong thi khong cin thiét. Cac chit mang thich hop cho thudc dan, vi
du, 1a dau ty nhién hogc da héa rin, sap, cht béo, rugu polyhydric ban 1dng hodc long
va chit mang tuong tu.

Ngoai ra, ché phim duoc ¢ thé chira cac chit bao quan, chit hoa tan, cht lam
on dinh, chat thAm w6t, chit nhii hoa, chit lam ngot, chét tao mau, chét tao huong vi,
cac mudi lam thay dbi ap suét thdm thAu, dung dich dém, chét che vi hodc chét chéng
oxy hoa. Chiing ciing c6 thé con chira cac chit co tac dung didu tri bénh khac.

Lidu luong c6 thé thay ddi trong gidi han rong va tt nhién s& dugc didu chinh

thich hop theo tung yéu cau trong timg trudng hop cu thé.
Vi du thwe hién sang ché

Vidul
2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol

= T ONF
N W \_
I A~
H
Budc 1: tert-Butyl N-[3-(2,6-diclo-3-pyridyl)-4-pyridyl]carbamat

Hut chan khong binh dugc gia nhiét so bd va lam ddy lai bang khi argon vai 1an
va nap tert-butyl 3-iodopyridin-4-ylcarbamat (4,56g, 14,2mmol), axit 2,6-diclopyridin-
3-ylboric (5,46g, 28,4mmol), Pd(OAc), (320mg, 1,42mmol) va triphenylphosphin
(371mg, 1,41mmol) trong moéi trudng khi argon. B sung trietylamin (4,32g, 5,94mL,
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42,7mmol) trong DMF (137mL) va gia nhiét hdn hop phan tmg dén nhiét d6 100°C va
khudy trong 3 gid. Lam bay hoi dung méi gin nhu hoan toan. B sung nudc va chiét
san phidm thé dang huyén pht hai 14n bang etyl axetat. Rira 16p hitu co dugc thu gom
bang nuéc (3 1an), 1am kho bang Na,SOy, loc va 1am bay hoi dung moi. Nghién nho
san phim tho vé&i diclometan dé tao ra 1,92g san phim mong muén. Lam bay hoi pha
diclometan va tinh ché bing sic ky nhanh s dung silica gel va gradien etyl
axetat/heptan) d¢ tao ra tng cong 3,39g (d¢ tinh khiét ~90%, hiéu sudt 63%) tert-butyl
N-[3-(2,6-diclo-3-pyridyl)-4-pyridyl]carbamat & dang chét rin mau vang nhat.

MS: m/z =340,1 (M+H)".
Buéc 2: 2-clo-9H-dipyrido[2,3-b;3',4'-d]pyrol

Gia nhiét huyén phi cha tert-butyl N-[3-(2,6-diclo-3-pyridyl)-4-
pyridyl]carbamat (264mg, 776pumol), kali cacbonat (215mg, 1,55mmol) va 18-crown-
6 (226mg, 854pumol) trong DMF (15,8mL) dén nhiét ¢ 100°C va khudy trong 3 gid
trong moi trudng khi argon. BS sung nudce va chiét san phim thé dang huyén pha bang
etyl axetat hai lan. Rira 16p hitu co dugc thu gom béng nudc (hai 1an), nuée mudi, 1am
kho bang Na;SOy, loc va 1am bay hoi dung méi. Nghién nhé san phim thd véi luong
nhoé metanol dé tao ra 2-clo-9H-dipyrido[2,3-b;3",4'-d]pyrol (105mg, hiu sut 63%) &

dang chit rin mau vang nhat.
MS: m/z = 204,3 (M+H)".
Budc 3: tert-butyl este ctia axit 2-clo-dipyrido[2,3-b;3°,4’-d]pyrol-9-carboxylic

Lam lanh huyén phi cta natri hydrua (26,5mg, 607umol) trong DMF khé
(1,5mL) dén nhiét d6 0°C va trong didu kién khi argon, bd sung dung dich chtta 2-clo-
9H-dipyrido[2,3-b;3',4'-d]pyrol (103mg, 506umol) trong DMF khd (3,0mL). Tiép tuc
khudy & nhiét d6 0°C trong thoi gian 10 phut va & nhiét d6 trong phong trong thdi gian
30 phit. Sau khi 1am lanh xuéng nhiét ¢ 0°C va bd sung di-tert-butyl dicacbonat
(132mg, 141uL) trong DMF khé (0,75mL) va tiép tuc khudy & nhiét do trong phong
qua dém. Bb sung nuée va chiét hdn hop phan ung hai 14n bang etyl axetat. Rira 16p
hiru co duoc thu gom bang nudc (hai 14n) va nuée mudi, lam khé bing Na,SO,, loc va

lam bay hoi. Thu dugc tert-butyl este cua axit 2-clo-dipyrido[2,3-b;3’,4’-d]pyrol-9-
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carboxylic sau khi tinh ché bing sic ky nhanh st dung silica gel va gradien

metanol/diclometan) & dang chit rin mau tring nhat (113mg, 73,5%).
MS: m/z = 304,1 (M+H)".

Budce 4: tert-butyl este cua axit 2-(6-flo-pyridin-3-yl)-dipyrido[2,3-b;3°,4’-d]pyrol-9-

carboxylic

Binh vi song trong moi trudong khi argon dugce nap tert-butyl este ctia axit 2-clo-
dipyrido[2,3-b;3’,4’-d]pyrol-9-carboxylic =~ (100mg, 329umol), 2-flo-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)pyridin (147mg, 658umol), kali cacbonat (137mg,
988umol) va phirc chit 1,1'-bis(diphenylphosphino)feroxen-paladi(Il)diclorua
diclometan (10,8mg, 13,2umol) va bit kin binh, hit chan khong va lam diy lai bing
argon. B4 sung DMF (7mL) va gia nhiét hdn hop phan tmg dén nhiét d6 90°C va
khudy trong 17 gid. Loc hdn hop phan tmg. B sung nude vao dich loc va chiét hdn
hop phan tmg hai 1an bang etyl axetat. Rira 16p hitu co dugce thu gom bing nuée (3
14n), 1am khd bang Na,S0y, loc va lam bay hoi. Nghién nhé hdn hop san phdm thd voi
luong nho metanol dé tao ra 2-(6-flo-pyridin-3-y1)-9H-dipyrido[2,3-b;3',4"-d]pyrol
(m/z = 265,1 (M+H)") & dang chit rin mau d6 nhat (23mg véi d6 tinh khiét 80%,
21%). Lam bay hoi chit long va tinh ché bing sic ky nhanh st dung silica gel va
gradien metanol/diclometan) dé tao ra tert-butyl este clia axit 2-(6-flo-pyridin-3-yl)-
dipyrido[2,3-b;3°,4’-d]pyrol-9-carboxylic & dang chat rdn mau tréng nhat (12mg, 10%).
MS: m/z = 365,2 (M+H)".

Budc 5: 2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol

Khudy dung dich mau vang sang chira tert-butyl este cia axit 2-(6-flo-pyridin-
3-yl)-dipyrido[2,3-b;3°,4’-d]pyrol-9-carboxylic (22mg, 60,4pmol) va axit trifloaxetic
(33,3uL, 432umol) trong diclometan (0,5mL) & nhi¢t d§ trong phong qua dém. Sau
khi 1am lanh dén nhiét d6 0°C, bd sung trietylamin (70uL, 503pumol) va loai bo tt ca
cac chét bay hoi. Tinh ché nguyén liéu thd bang HPLC diéu ché st dung c6t Gemini
C18 va nuéc voi gradien trietylamin 0,1% /axetonitril) dé tao ra 2-(6-flo-pyridin-3-yl)-
9H-dipyrido[2,3-b;3',4'-d]pyrol & dang chat rdn mau tring nhat (14mg, 88%).

MS: m/z = 265,1 (M+H)".

Vidu?2
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’H-2-(6-flo-pyridin-3-y1)-9H-dipyrido[2,3-b;3",4'-d]pyrol

Trong binh triti héa dung tich 2ml, hoa tan 2-(6-flo-pyridin-3-yl)-9H-
dipyrido[2,3-b;3',4'-d]pyrol (2,0mg, 7,6pumol; vi du 1) va chit xtc téc Crabtree
(9,14mg, 11,4pmol) trong diclometan (0,8mL) va DMF (0,2mL). Gin binh nay véo
dng gop triti (RC-TRITEC) va khir khi bang céch 1am déng-bom-tan bing. Pua khi
triti vao, va khqu manh dung dich mau cam nhat trong thoi gian 4 gi¢ trong moi
truong triti & 450mbar. Lam ngudi dung dich béng nito 16ng va hép phu lai khi triti du
trong binh phan Ung trén biy urani ding cho triti du thira. Lam kho lanh hoan toan
dung moi va loai bd triti khéng bén bang cach 1am kho lanh v&i hdn hop cua etanol va
nuée theo ty 18 9:1 (3 x 1mL) va toluen (2 x 1mL). Hoa tan dau niu nhat con lai trong
etanol (1,5mL) va truyén trén may trao ddi cation SCX-2. Rira giai chit xtc tac con lai
v6i MeOH (10mL) va x4, va rira giai san phdm biang NH; trong MeOH (3,5N, 10mL),
gom riéng & va cb trong mdi trudng p suét giam. Tinh ché san phdm thé bing HPLC
didu ché (XBridge Prep, 5pm, 10 x 250mm) bang cach sir dung axetonitril, nuéc, va
dung dich dém c6 d9 pH = 7 lam chét rira giai. Thu dwoc 37 MBq (1mCi) hop chét néu
& d& muc v6i d6 tinh khiét héa hoc phéng xa 13 99% va hoat tinh dic hidu 1a 936
GBg/mmol (25,3 Ci/mmol), duoc xac dinh bing phép do phd MS. Hop chit nay dugc
bao quan dé lam dung dich &&m & pH=7/dung dich DMSO.

MS: m/z = 265,1 [M+H]", 267,1 [M(H,)+H]", 269,1 [M(H,)+H]
Vidu3

[18F]-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol

a) 2-(6-nitro-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol
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FN_/N NO,
N/
| >N =
X~ N

H

Trong binh dung tich 50mL (dugc lam bay hoi va lam sach bang Ar), két hop
tert-butyl este clia axit 2-clo-dipyrido[2,3-b;3°,4’-d]pyrol-9-carboxylic (285mg,
938umol), pinacol este clia axit 2-nitropyridin-5-boric (469mg, 1,88mmol), phitc chit
1,1'-bis(diphenylphosphino)feroxen-paladi(Il)diclorua diclometan (34,5mg, 42,2umol)
va K,CO3 (389mg, 2,81mmol). B4 sung DMF (24mL) va bit kin 6ng nay, lam bay hoi
va lam sach bang Ar. Gia nhiét hdn hop phan tng dén 90°C va khudy trong 18 gio.
Loc qua Celite va sau d6 théng qua tim silica gel nhd (trung tinh, 60A, mit ludi 32-
63), sau d6 1a rira v6i DMF vira ¢t va 1am bay hoi dén khd. Hoa tan chit rén mau nau
trong DMF (20mL) va bb sung DMSO vao cho dén khi thu dugc dung dich gin nhu
trong. Sau khi loc, 1am bay hoi céc dung mdi dén gn nhu khé. Tinh ché bing HPLC
diéu ché dé tao ra hop chéit néu & dé muc (37mg, 13%) & dang chét rin mau vang. MS
m/z: 292,2 [M+H]"

b) [18F]-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol

N
/\ /\18|:
N7
[ =N =
X~ N

H

Hoa tan tién chét, (0,7 £ 0,3mg) trong 400pL dimetylsulfoxit va nghién bang
séng 4m trude khi két thic bén pha (EOB). Khi EOB, ion [18F]florua trong nudc,
dugc tao ra do bén phé proton cta nude duge 1am giau [180], dugce by trén cdt trao
d6i ion. Rira giai cot trao ddi ion bang 150puL dung dich géc chira Krytpofix 2.2.2/kali
cacbonat (48mg Kryptofix 2.2.2 va 10mg kali cacbonat hoa tan trong 600uL
axetonitril:nudc theo ty 1¢ 1:1) vao binh phan ung, sau d6 1a 250uL axetonitril. Lam
bay hoi dung dich florua dén khé & nhiét d6 110°C qua dong nito va lam khd thém
theo phuong phép chung cit ddng sdi bang cich bd sung axetonitril hai 1an (mdi lan
250uL). Chuyén binh phan {mg tir xa vao khoang vi song (Resonance Instruments) va
lam ngudi biang khong khi nén trong thdi gian 2 phut. B§ sung tién chit va sau d6
chiéu vi séng & 50 o4t trong thoi gian 240 gidy, sau d6 lam ngudi dung dich bing 1mL

nudc.
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Pha lodng dung dich phan tmg bang 3mL dung dich dém trietylamin (TEA) (pH
7,2), sau d6 phun 1én trén ¢t HPLC bén diéu ché (XBridge C18, 10pm, 10x150mm),
rira giai b::ing metanol:dung dich dém TEA theo ty 1§ 15:85 (d6 pH = 7,2) & t¢c dd
bang 15mL/phit.

Theo ddi dong chay ra khéi HPLC & 254nm va do hoat tinh phéng xa noi tuyén.
Quan sat sic ky d6 ban diéu ché va thu dinh san pham [18F] trong 50mL nuéc va phéi
tron lai bé‘mg cach sir dung m6 dun SPE tu ddng. Rlra giai dung dich san phém thong
qua Waters C-18 SepPak Plus, rira bang 10mL nudc Milli-Q, sau d6 rira giai bang
ImL etanol tuyét ddi, sau d6 13 10mL nuéc mudi thuong véo lo chita san phdm cubi

cling théng qua bd loc vo tring Millipore FG ¢& 15 0,22um.

Lay cac phan phén udc ra khoi chai cubi cung d& phan tich kidm soat chét
lugng. HPLC phan tich (XBridge C18, 3,5um, 4,6x100mm) rira giai bang
metanol:dung dich dém TEA theo ty 1€ 40:60 (d6 pH = 7,2) & tdc do béng 2mL/phut
dugc theo ddi & 350nm & xéac dinh d6 tinh khiét héa hoc phong xa va do tinh khiét
hoéa hoc, hoat tinh dac hiéu va dinh danh héa hoc.

Viée tong hop phéng xa 57 phut cho [18F]-2-(6-flo-pyridin-3-yl)-9H-dipyrido
[2,3-b;3",4"-d]pyrol tao ra san phidm cudi ciing c6 hoat tinh phéng xa trung binh la
330,5 mCi, hiéu suét 26,1% (n=2) dugc hi¢u chinh khong phan rd. Thanh phém co
hoat tinh phéng xa riéng trung binh 13 24,684 mCi/umol va d6 tinh khiét héa hoc
phong xa 1a 99%.
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YEU CAU BAO HO
1. Hop chat c¢6 cong thirc:
R
= TN—F
NN \_«
I P4 N R
H

trong d6:

R 1a hydro hogc triti;

F  laflo hodc Bflo;

hodc mudi cong axit dugc dung.

2. Hop chét c6 cong thirc I theo diém 1, trong d6 hop chét nay la:

2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol;
3 H-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol;
va [18F]-2-(6-flo-pyridin-3-yl)-9H-dipyrido[2,3-b;3',4'-d]pyrol.

3. Quy trinh san xudt hop chét c6 cong thire I nhu duge x4c dinh theo diém 1 hoéc

diém 2, trong d6 quy trinh nay bao gdém bude:

a) két hop hop chét c¢6 cong thirc 2 (X = Cl, Br):

N—
L
N N X

v6i axit boric hodc este cta axit boric thich hgp ¢6 cong thirc 3:

2

Cl)R' R

R N7 F 3,
trong d6 R’ 14 hydro hoic alky! thép,

& tao ra hop chét c6 cong thirc I:
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trong d6 R 14 hydro,

va, néu mudn, chuyén héa hop chét thu duge thanh mubi cong axit dugc di,mg hoéc
thanh hop chét c6 cong thirc I, trong d6 R 1a triti,

hodc

b) két hop hop chét c6 cong thirc 4:

X 4 (X = Br, Cl, NO,)

v6i chét phan ting flo héa thich hgp dugce chon tir kali florua hogc tetrabutylamoni

florua,

dé tao ra hop chét c6 cong thirc I:

trong d6 phin tir thé R 13 hydro

va, néu muon, chuyén hda hop chat thu dugc thanh mudi cong axit dugc dung hoac

thanh hop chét c¢6 cong thirc I, trong d6 R 14 triti

¢) cho hop chét c6 cong thirc I:
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trong d6 R 1a hydro, phan tmg véi khi triti véi sy c6 mit ciia chat xtc tic iridi, ruteni,
rodi hodc paladi trong dung moi thich hgp, dugc chon tir diclometan, clobenzen, DMF,
DMSO hoic cac hdn hop ciia chiing dé tao ra hop chét c6 cong thirc I:
R
=\__ ([ »F
N g WY \ -«
| P4 N R
H I

trong do R 1a triti, va, néu mudn, chuyén héa céc hop chét thu duoc thanh mudi cong

axit dugc dung hoac

d) hoa tan hop chat c6 cong thirc 10:

trong dimetylsulfoxit va nghién bing séng am trudc khi két thiuc bin phé bing ion

[18]florua trong nudc vao hop chét c6 cong thirc:

va, néu muon, chuyén héa cac hgp chat thu dugce thanh cdc mudi cdng axit duge dung.

4. Dugc phdm chira hop chit ¢6 cong thire I theo diém 1 hodc didm 2 va chit mang

dugc dung.
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11

Fig. A

Phéng xa dd ty ghi cta > H-2-(6-ﬂo-pyridin-3 -yl)-9H-dipyrido[2,3-b;3',4'-d]pyr01

Fig. B )
[BHIT808 [10nM] +  chatlanh [1uM]
-— T808 Cpd A Cpd B Cpd C
m"’"l} ;’: ’*}
bege o
Déi chimg Ai ifJC Ai lyc cao Kh@ng cod
thap ai Iuec
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